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(54) Liquid crystal composition, liquid crystal device and liquid crystal display apparatus 



(57) A liquid crystal composition is composed of at 
least three types of mesomorphic compounds. The liquid 
crystal composition may preferably contain a mesomor- 
phic compound having an indan skeleton represented by 
the formula (1 ) or (3) and a mesomorphic compound hav- 
ing a terminal cyclic group represented by the formula 
(2) or (4). The liquid crystal composition may also pref- 
erably further contain an optically active compound to be 
formulated as a chiral smectic (or ferroelectric) liquid 
crystal composition. When the chiral smectic liquid crys- 
tal composition is disposed between a pair of electrode 
substrates provided with uniaxial alignment axes, the liq- 
uid crystal composition may preferably be placed in an 
alignment state in CI uniform alignment so that a result- 
ant liquid crystal device provides a higher contrast ratio 
and a wider drive voltage margin. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a liquid crystal composition, a liquid crystal device using the composition to be used 

in a liquid crystal display device or a liquid crystal-optical shutter, etc., and a liquid crystal apparatus using the device. 
Particularly, the present invention relates to a liquid crystal composition containing two-types of specific mesomorphic 
compounds in combination, a liquid crystal device using the composition in which the composition is placed in a particular 
alignment state, and a liquid crystal display apparatus using the device. 

10 A display device of the type which controls transmission of light in combination with a polarizing device by utilizing 
the refractive index anisotropy of ferroelectric (or chiral smectic) liquid crystal molecules has been proposed by Clark 
and Lagenwall (U.S. Patent No. 4,367,924, etc.). The ferroelectric liquid crystal has generally chiral smectic C phase 
(SmC*) or H phase (SmH*) of a non-helical structure and, in the SmC* or SmH* phase, shows a property of assuming 
either one of a first optically stable state and a second optically stable state responding to an electrical field applied 

15 thereto and maintaining such a state in the absence of an electrical field, namely bistability, and also has a quick respon- 
siveness to the change in electrical field. Thus, it is expected to be utilized in a high speed and memory type display 
device and particularly to provide a large-area, high-resolution display based on its excellent function. 

Heretofore, there have been pointed out various problems as to such a ferroelectric liquid crystal (composition), a 
ferroelectric liquid crystal device and a ferroelectric liquid crystal apparatus, and there have been also proposed various 

20 means for solving the problems. 

For example, Japanese Laid-Open Patent Application (JP-A) 3-252624 has disclosed a method for improving a 
transmittance (contrast) in a bistable alignment state by utilizing 01 uniform alignment state based on specific device 
structure and specific alignment state of liquid crystal molecules used in combination. More specifically, in a liquid crystal 
device, by placing ferroelectric liquid crystal molecules in non-helical structure in such an alignment state that the liquid 

25 crystal device and ferroelectric liquid crystal molecules are controlled to provide various angles including an apparent 
tilt angle 0a (a half of an angle formed between molecular axes in two stable states), a cone (or tilt) angle (h) (a half of 
an apex angle of a cone shown in Figure 3A as described hereinbelow) which is an inherent property of the ferroelectric 
liquid crystal, a pretilt angle a (an angle formed between the liquid crystal molecules raising a forward end up and the 
substrate surface of the liquid crystal device, and an inclination angle (layer inclination angle) 6 of the smectic layer (an 

30 angle formed between the smectic layer line and a normal to the substrate) satisfying particular relationships (1). (II) and 
(III) (described hereinbelow) for providing 01 uniform alignment state (01 uniform conditions), thus improving a contrast 
ratio (or transmittance). 

Generally, there has been known a technique increasing a cone angle @ as means for improving contrast. However, 
an excessively increased cone angle @ fails to satisfy the above 01 uniform conditions, thus leading to an occurrence 
35 of 02 alignment state different from the 01 alignment state. As a result, a resultant liquid crystal adversely causes a 
lowering in contrast. Further, due to a correlation between a temperature-dependence of cone angle ® and a respon- 
siveness, a temperature-dependence of response speed is impaired in some cases. 

If a cone angle @ is increased, a large torque is required for effecting switching of liquid crystal molecules. In order 
to supplement the torque, when a spontaneous polarization (Ps) of the liquid crystal is increased, a viscosity of the liquid 
40 crystal is caused to be increased to result in an inferior temperature-dependence of response speed depending on a 
temperature-dependence of viscosity in some cases. Further, there has been known that an internal electric field induced 
by a spontaneous polarization has adversely invited switching failure. 

On the other hand, there has been known the use of a mesomorphic compound having a low temperature-depend- 
ence of viscosity in a large amount in order to enhance a temperature-dependence of response speed while satisfying 
45 the above-mentioned 01 uniform conditions (i.e., device conditions for realizing 01 uniform alignment). As described 
above, a spontaneous polarization is refrained from being increased excessively in view of inferior responsiveness, so 
that it is important that an improving technique paying attention to viscosity is provided. 

By preparing a liquid crystal composition containing a large amount of a low-viscosity mesomorphic compound, a 
temperature change of viscosity in a temperature range from low-temperature to high-temperature can be minimized to 
50 improve a temperature-dependence of response speed. However, such a composition generally has a small cone angle 
@ to invite a lowering in contrast. 

In case where improvements in various characteristics are intended while retaining or improving 01 uniform aligning 
characteristic, a liquid crystal composition used is required to contain a novel mesomorphic compound and/or known 
mesomorphic compounds in combination since a ferroelectric liquid crystal composition is not composed of a single 
55 mesomorphic compound but composed of plural mesomorphic compounds. It is however readily understood that these 
mesomorphic compounds have merits and demerits in combination, respectively. 

For this reason, in the case of preparing a ferroelectric liquid crystal composition, it is important that a combination 
of mesomorphic compounds, such that the mesomorphic compounds supplement their demerits with each other while 
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deriving their merits sufficiently, is selected. As a result, a specific combination of mesomorphic compounds for providing 
a balanced ferroelectric liquid crystal composition with respect to various characteristics has been studied and required. 

On the other hand, a display apparatus using a ferroelectric (or chiral smectic) liquid crystal can realize a large 
screen and a high resolution which by far exceed those attained by conventional CRT and TN-type liquid crystal displays, 

5 However, as the screen size and resolution are increased, the frame frequency (frequency constituting one picture) 
becomes low. This leads to a problem that the picture-rewriting speed becomes slow and the motion picture display 
becomes slow, e.g., in cases of smooth scrolling and cursor movement on character editing or a graphic screen. A 
solution to this problem has been given in, e.g.. JP-A 60-31120 and JP-A 1-140198. 

More specifically, there has been disclosed a display apparatus including a display panel comprising scanning elec- 

10 trodes and data electrodes arranged in a matrix, whole-area writing means for selecting all or a prescribed part of the 
scanning electrodes for writing and partial writing means for selecting a part of the above-mentioned all or a prescribed 
part of the scanning electrodes. As a result, a partial motion picture display can be performed at a high speed by the 
partial writing mode, and the partial writing and the whole-area writing can be performed compatibly. 

Further, in order to realize a ferroelectric liquid crystal display device with a large display area and high definition, 

15 a good drive characteristic, such as a wider drive voltage margin, has been required (JP-A 3-35220). The drive voltage 
margin varies depending on a change in environmental temperature, so that an actual display device (or apparatus) is 
required to be controlled to have an optimum drive voltage margin against liquid crystal materials used and a charge in 
environmental temperature. 

In a practical use. however, when the display area of such a matrix display apparatus is increased, a difference in 
20 environmental condition of a liquid crystal at each pixel (e.g., an environmental temperature or cell gap between opposite 
electrodes) is naturally increased. As a result, it becomes impossible to provide a good display image over the entire 
display area in the case of using a liquid crystal material having a small drive voltage margin. 



SUMMARY OF THE INVENTION 



An object of the present invention is to provide a liquid crystal composition showing a balanced performance regard- 
ing C1 uniform aligning characteristic, contrast, drive voltage margin and temperature-dependence of response speed. 

Another object of the present invention is to provide a liquid crystal device using the liquid crystal composition and 
a liquid crystal apparatus using the liquid crystal device. 
30 The liquid crystal composition according to the present invention contains the following two essential components 
including a mesomorphic compound represented by the following formula (1): 

RrAi-Xi-A2-X2-A3-R2 (1)- 

35 wherein 

Ri and R2 independently denote hydrogen, halogen, -CN. 



o- 



45 or a linear, branched or cyciized alkyl group having 1-18 carbon atoms capable of including at least one methylene 
group which can be replaced with -0-; -S-; -CO-: -CHW-, where W is halogen or CF3; -CH=CH- or -C^C- with the proviso 
that heteroatoms are not adjacent to each other; 

Xi and X2 independently denote a single bond, -0-, 



-CO-, -OC-, 

II 11 

O 0 



-CH2O-, -OCH2-. -CH=CH- or -C-C-; 

Ai, A2 and A3 independently denote a single bord, 
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70 



15 



■ <«>■ ^ ; -<QK ^g}- -g>- 

-py. Ty- <'^- -€y. -f^- 

k-^ ^s^ s s 



wherein R3 and R4 independently denote hydrogen, halogen, -CN, 

20 



25 



11" 0/ ' 

o 



or a linear or branched alky! group having 1 - 18 carbon atoms capable of including at least one methylene group which 
can be replaced with -0-: -S-; -CO-; -CHW- where W is halogen or CF3: -CH=CH- or -C-C- with the proviso that heter- 
30 oatoms are not adjacent to each other; Yi and Y2 independently denote. H, F, CI. Br, -CH3, -CF3 or -CN; Z denotes O 
or S; and at least one of Ai, A2 and A3 is 




<o. 




40 and 

a mesomorphic compound represented by the following formula (2): 

R5-A4-R6 (2). 

45 wherein R5 and Re independently denote 

Q-X3-f<;H^ X4- 

50 

or R7. at least one of R5 and Re being 
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wherein Q denotes 



5 




^y- <^ °- 

N-^ 

where Y3, Y4. Y5, Ye independently denote H. F, CH3 or CF3; X3 denotes a single bond, -OCH2-, -COO- or -OCO-; X4 
denotes a single bond, -CH2O-, -COO- or -OC0-; L is an integer of 3 - 16; and R7 is 

25 




30 

wherein Y7 and Ys independently denote H. F, CH3 or CF3. or a linear, branched, or cyclized alkyi group having 1-18 
carbon atoms capable of including at least one methylene group which can be replaced with -0-, -S-. -CO-, -CH=CH-. 
35 -C-C-, or -CHW- where W is halogen, CN or CF3. provided that heteroatoms are not adjacent to each other; and 
A4 denotes -A5-X5-A6- or -Ag-Ag-Xs-Ay-wherein A5. Ae, A7 independently denote 



45 



50 
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-<Q^' 1^- iP>-- \y ^ 




and X5 denotes a single bond. -C^C-, -CH=CH-, -C00-. -COS- or -CH2O-. 

In the above formula (1), either one of the remaining two groups of Ai, A2 and A3 other than the group having an 
indan skeleton may preferably be any one of the above cyclic groups. In other words, the remaining two groups cannot 
be a single bond at the same time. 

According to the present invention, there is also provided a liquid crystal device, comprising: a pair of oppositely 
disposed substrate and a liquid crystal disposed therebetween, each of opposite surfaces of the substrates being pro- 
vided with an electrode for applying a voltage to the liquid crystal; wherein at least one of the opposite surfaces of the 
substrates is further provided with an alignment control layer for controlling an alignment state of the liquid crystal, and 
the liquid crystal is the above-mentioned liquid crystal composition. 

According to the present invention, there is further provided a liquid crystal apparatus, including: the above-men- 
tioned liquid crystal device and drive means for driving the liquid crystal device. 

These and other objects, features and advantages of the present invention will become more apparent upon a 
consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of an embodiment of the liquid crystal device according to the present inven- 
tion. 

Figure 2 is an illustration of Cl and C2 alignment states. 

Figures 3A and 3B are illustrations of relationship among a cone angle, a pretilt angle and a layer inclination angle 
in CI alignment and C2 alignment, respectively. 

Figure 4 is a waveform diagram illustrating driving waveforms used in an embodiment of the present invention. 
Figure 5 is a plan view of an electrode matrix. 

Figure 6 is a block diagram of a liquid crystal display apparatus and a graphic controller. 

Figure 7 is a time chart showing time correlation for image data communication between the liquid crystal display 
apparatus and the graphic controller. 

Figure 8A shows unit driving waveforms used in an embodiment of the present invention and Figure 88 is time- 
serial waveforms comprising a succession of such unit waveforms. 

Figure 9 is an illustration of a display pattern obtained by an actual drive using the time-serial waveforms shown in 
Figure SB. 

Figure 1 0 is a V-T characteristic chart showing a change in transmittance under application of different drive voltages. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The liquid crystal composition according to the present invention contains at least two essential components includ- 
ing the above-mentioned mesomorphic compounds of the formula (1) and the formula (2). 

Herein, the term "mesomorphic compound" covers not only a compound showing a mesomorphic (or liquid crystal) 
phase by itself but also a compound not showing a mesomorphic phase as long as a resultant liquid crystal composition 
containing the compound shows a mesomorphic phase. 

The liquid crystal composition of the present invention may preferably contain at least one optically active compound 
to assume chiral smectic phase, thus functioning as a ferroelectric liquid crystal composition. 

Herein, the term "cyclized alkyi group" means a cyclic alkyi group or an alkyt group having a partially cycllzed struc- 
ture in which the cyclized structure may be constituted by hydrocarbon (e.g.. methylene) group and/or at least one 
heteroatom (e.g., 0, S, N, etc.). 

The liquid crystal composition characterized by a specific combination of mesomorphic compounds of the formulae 
(1) and (2) is effective in improving various display (and drive) characteristics balanced with each other. The reason has 
not been clarified as yet but this may attributable to the interaction between an indan skeleton of the mesomorphic 
compound of the formula (1) and a cyclic group connected with methylene groups of the mesomorphic compound of 
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the formula (2) , thus compensating for the respective demerits each other while suff ici ently deriving the respective merits 
therefrom. 

More specifically, by an effect of lowering a degree of order in smectic phase of liquid crystal molecules, a lowering in 
5 response speed due to an extreme increase in viscosity at low-temperature can be prevented since a high degree of 
order in smectic phase of liquid crystal molecules may cause an increase in viscosity of a resultant liquid crystal com- 
position as a whole. As a result, the liquid crystal composition of the present invention exhibits an effect of decreasing 
a temperature-dependence of response speed. In addition, the mesomorphic compounds of the formulae (1) and (2) 
have the advantage of readily controlling material properties of the liquid crystal composition (e.g.. cone angle @ and 
w layer inclination angle 6) so as to satisfy the C1 uniformconditions as specifically described hereinbelow, thereby realizing 
high contrast while retaining or improving a uniform aligning characteristic. 

The mesomorphic compound of the formula (1) used in the present invention may preferably be a mesomorphic 
compound represented by the following formula (3): 



wherein Re and Rg independently denote a linear, branched or cyclized alkyi group having 1 - 18 carbon atoms capable 
of including at least one methylene group which can be replaced by -0-. -S-, -CO-, ■CH=CH-, -C=C-. or -CHW- where 
20 W is halogen or CF3 provided that heteroatoms are not adjacent to each other; and 
As, A9 and A10 independently denote a single bond, 



^'>-. -(\. 



or , 




35 and at least one of As. Ag and A10 is 



40 




The mesomorphic compound represented by the formula (1) or the formula (3) may generally be synthesized through 
45 a process as shown in, e.g., JP-A 5-262678 (corn to EP-A-0546338). 

Specific examples of the mesomorphic compound of the formulae (1) and (3) may include those shown in JP-A 5- 
262678 (or EP-A-0546338). 

Hereinbelow, preferred specific examples of the mesomorphic compounds of the formulae (1) and (3) may include 
those shown below, respectively. 
so In the following, the respective abbreviations (or symbols) represent the following groups (or meanings), respectively 
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Phe: Pa: eye: -(u)- , thi: , 

" S 

F 

pym: -<QV. Pd: aO^-- Phe(F): hQ)-, 

Br 

pym': Np: -(^V^ - phe(Br) : , 

^^^^ U 

Pyr: Boa: "[Q]^ THE*: ^-(~~) 



pyr'= Td: do: -(c3> . 

ind: -<^-A , Tz2: . Bta: -<f"^. 



ind' 



Tzl 



Bta 



55 



*: the group has an asymmetric carbon atom 
(optically active) 



met = CH3, hep = C7H15, trd = C13H27. 
40 eth = C2H5. oct = CsHiy, ted = C14H29. 

pro = C3H7, non = C9H19, ped = C15H31, 

but = C4H9, dec = C10H21, hexd = C16H33, 

pen = C5H11, und = C11H23. hepd = C17H35, 

hex = CeHis, dod = C12H25, ocd = C18H37. 
45 Further, Ri and R2 (formula (1)) or Re and R9 (formula 3) are, for example, abbreviated as simple expressions as 
follows. 



CF- 



O 



50 
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2-CFo-oct*COO: 



-OCO-l-F-non*: 



C5H13-CH-CH2-CO- 



I * 
O 
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Formula (1) compound 


5 


Ex.Comp. No. 


Ri 


Ai 


Xi 


A2 


X2 


A3 


R2 




1-1 


dod 


ind' 


-OCH2- 


eye 


- 




oct 




1-2 


hex 


" 


-COO- 


ind' 


-oco- 


eye 


pro 


10 


1-3 


C2H5CH(CH3)CH20- 


ind' 


-OCO- 


eye 






oct 




1-4 


oct 


ind' 


-OCO- 


Bta 


-0- 




but 




1-5 


hex 


ind' 


-OCO- 


Bta 


-0- 




oct 




1-6 


but 




-0- 


ind' 


-oco- 


-Bta'- 


-0-dec 


15 


1-7 


hex 


ind' 


- 


Td 


- 


phe 


-O-hex 




1-8 


but 


ind' 




Td 




phe 


-OCH2CFHC6H13 




1-9 


C2H5CH(CH3)CH2 


ind' 


- 


Td 




phe(F) 


-OCH2CH2OC2H5 


20 


1-10 


dod 


ind' 


- 


Td 




phe 


oct 




1-11 


oct 


ind' 


- 


Tzi 




phe 


non 




1-12 


dod 


Ind* 


- 


Tz2 


- 


phe 


-O-oct 




1-13 


hex 


ind' 


- 


Tz2 




phe 


-OCH2C(F)HC4F9 


25 


1-14 


dec 


ind' 




Bta 


■ 


phe 


-Opeh 




1-15 


dod 


ind' 


-coo- 


phe 




Tzi 


oct 




1-16 


dec-0- 


ind' 


-oco- 


phe 


■oco- 




THF* 


30 


1-17 


dod 


ind' 


* 


Boa 




phe 


oct 




1-18 


hex 


ind' 


- 


Boa 


- 


phe 


but 




1-19 


dod 


ind' 


- 


Tz2 


- 


Np 


-OCObut 


35 


1-20 


oct 


ind' 


-C=C- 


Pa 






dec 


1-21 


oct 


ind' 


* 


phe 


-C^C- 


pyr' 


dec 




1-22 


non 


ind' 


-0CH2- 


pd 




ird 


oct 




1-23 


met 


ind' 




Np 




ind 


hex 


40 


1-24 


dec 


ind' 








ind 


oct 




1-25 


hex 


ind' 




Bta 




ind 


oct 




1-26 


pen (R3=:mek) 


ind' 




phe 




ind 


hex (R4=oct) 


45 


1-27 


non (R3=dec) 


ind' 




pym 




ind 


non 


1-28 


trd (R3=dec) 


ind' 




pd 




ind 


but (R4-pro) 




1-29 


but (R3=pro) 


ind' 




Tzi 




ind 


non (R4=non) 




1-30 


hex 


ind' 




pa 






hex 
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In the above, R3 and R4 are hydrogen unless expressly indicated otherwise. 



45 



Ex , 
Corap . 
No . 


Formula (3) compound 


Ra 


Aa 


A. 


A 1 0 


% 


J — I 


met 


pym 


ind 


- 


met 


s — d 


pen 


pym 


ind 


- 


but 


0 0 
0 — cJ 


hex 


pym 


ind 


- 


hep 


0 — 4 


dec 


pym 


ind 


- 


oct 


3 ~ 0 


dod 


pym 


ind 




oct 




ocd 


pym 


ind 


- 


Oct 


3 — 7 


Oct - 0 - 


pym 


ind 


- 


oct 


d - 8 


2-F~dec*-0- 


pym 


ind 


- 


oct 


3-9 


2 - CF3 - Oct * COO - 


pym 


ind 


- 


oct 


3 — 10 


THF*-COO- 


pym 


ind 


- 


oct 


3-11 


pro - COO -<ClW-2 


pym 


ind 


- 


oct 


3—12 


dec 


pym 


ind 




3 — met - but 


3-13 


dec 


pym 


ind 


- 


- 0 - oct 


3—14 


dec 


pym 


ind 


- 


- OCO - hex 


3-15 


dec 


pym 


ind 


- 


-<CH2>^ COO - pro 


3-16 


dec 


pym 


ind 


— 


- OCO - 1 - F - non * 


3-17 


dec 


pym 


ind 


- 


0-<CH2>-2 C-C-eth 


3-18 


dec 


pym 


Lnd 


- 


- 0-<CH^H S - met 


3-19 


CHa - CH-(CH2K 0 


phe 


phe 


ind 


oct 


3-20 


hex 


pym 


phe 


ind 


hex 


3 —21 


oct 


pym 


phe 


ind 


hex 


3 —22 


dod 


pym 


phe 


ind 


hex 


3—23 


hex 


pym 


phe 


ind 


oct 


3-24 


oct 


pym 


phe 


ind 


oct 


3 —25 


und 


pym 


phe 


Lnd 


oct 


3—26 


dod 


pym 


phe 


ind 


oct 


3 -27 


oct 


ind 


thi 


ind 


oct 


3-28 


dec 


ind 


thi 


ind 


Oct 


3 -29 


hex 


pyr 


ind 




hex 




dec 


pyr 


ind 




hex 


3 -31 


dod 


pyr 


ind 




oct 


3 -32 


pen 


phe 


phe 


Old 


hex 


3 -33 


oct 


phe 


phe 


ind 


hex 


3 -34 


dec 


phe 


phe 


ind 


oct 


3 -35 


dod 


phe 


phe 


ind 


oct 
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The mesomorphic compound of the formula (2) used in the present invention may preferably be a mesomorphic 
compound represented by the following formula (4): 
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Rll-Aii-4<:H2>n-X6-Al2-0>-<^ 

(4), 



wherein Rn and R12 independently denote hydrogen, or a linear, branched or cyclized alkyl group having 1 - 18 carbon 
atoms capable of including at least one methylene group which can be replaced by -0-, -S-, -CO-, -CH=CH-, -C^C-, or 
-CHW- where W is halogen. CN or CF3 provided that heteroatoms are not adjacent to each other, with the proviso that 
either one of Rn and R12 is hydrogen; 
15 A12, Ai3 and A14 independently denote a single bond, 



-O- - <E>- 



with the provisos that either one of An and A14 is a single bond, both of An and A14 cannot be a single bond simulta- 
neously, and at least one of A12 and A13 is a single bond; 
25 n and m independently denote an integer of 0 or 3 - 1 6 with the provisos that either one of n and m is 0, and both 

of n and m cannot be 0 at the same time; and 

Xe and X7 independently denote a single bond. -0-, -COO- or -OCO-. 
The mesomorphic compound represented by the formula (2) or the formula (4) may generally be synthesized through 
a process as shown in. e.g., JP-A 6-256231 (corn to EP-A-0606090). 
30 Specific examples of the mesomorphic compound of the formulae (2) and (4) may include those shown in JP-A 6- 
256231 (or EP-A-0606090). 

Hereinbelow, preferred specific examples of the mesomorphic compounds of the formulae (2) and (4) may include 
those shown below, respectively. 

In the following, the respective abbreviations (or symbols) represent the same groups (or meanings), respectively, 
35 as described above. 
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For simplicity. R5 and Re (formula (2)) or Ri 1 and R12 (formula (4)) are, e.g.. shown as follows. 



CH3 
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2"met-hex* : C4Hg-CH-CH2- 



25 



F 
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I ' 

2-met-pen: C2H5-CH-C2H5- 



CH-, O 
I i 

l-Pro-O-CO-eth* : -CH-OC-C3H7 



Formula (2) compound 


Ex. Comp. No. 
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In the above, Yi to Y4 are hydrogen unless expressly indicated otherwise. 
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The liquid crystal composition according to the present invention may preferably be prepared by mixing 1 - 40 wt. 
% (more preferably 1 - 30 wt. %, particularly 1 - 20 wt. %) in total of at least one species of a mesomorphic compound 
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of the formula (1) (or formula (3)). 1 - 40 \wt. % (more preferably 1 - 30 wt. %, particularly 1 - 20 wt. %) in total of at least 
one species of a mesomorphic compound, and at least one species of another mesomorphic compound (or liquid crystal 
composition) capable of including an optically active compound in an appropriate mixing ratio set for providing desired 
contrast level or alignment state. 

The above optically active compound may preferably be a mesomorphic compound represented by any one of the 
above-described formulae (1) to (4) or an optically active compound having a central skeleton containing benzene ring 
and pyridine ring. 

The above-mentioned another mesomorphic compound (or another liquid crystal composition) may preferably be 
constituted by at least one species of mesomorphic compounds represented by the formulae (5), (6). (7) and/or (8) 
shown below. In a more preferred class of another mesomorphic compound, a liquid crystal composition may be prepared 
by mixing 20 ■ 75 wt. % of a mesomorphic compound of the formula (5). 5 - 25 wt. % of a mesomorphic compound of 
the formula (6), 5 - 30 wt. % of a mesomorphic compound of the formula (7), and 0.1 - 30 wt. % of a mesomorphic 
compound of the formula (8). 

The above-mentioned another mesomorphic compound of the formulae (5) to (8) may include those shown below: 



wherein p and q independently denote 0, 1 or 2 satisfying p+q = 1 or 2 ; Yio is hydrogen or fluorine; and R21 and R22 
independently denote a linear or branched alky! group having 1-18 carbon atoms capable of including at least one 
methylene group which can be replaced by -0-. -S-, -CO-. -CH=CH-. -C^C-, or -CHW- where W is halogen, CN or CF3 
provided that heteroatoms are not adjacent to each other; 



where is hydrogen or fluorine; Yq is hydrogen or fluorine: R23 is a linear or branched alkyi group having 1-18 carbon 
atoms; R24 is hydrogen, halogen, CN, or a linear or branched alkyI group having 1-18 carbon atoms; and at least one 
methylene group in the alkyI group of R23 or R24 can be replaced by -0-, -S-, -CO-, -CH=CH-, -C-C-. or -CHW- where 
W is halogen. CN or CF3 provided that heteroatoms are not adjacent to each other; 



Formula (5) 




Formula (6) 




wherein Bi is 
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Formula (7) 

^25 -<0^B2 -<g>-R26 



10 wherein B2 is 



r>- 1>. -f> 13- 



20 and and R25 and R26 independently denote a linear or branched alkyi group having 1-18 carbon atoms capable of 
including at least one methylene group which can be replaced by -0-. -S-. -CO-, -CH=CH-, -C=C-, or -CHW- where W 
is halogen. CN or CF3 provided that heteroatoms are not adjacent to each other; and 



Formula (8) 



wherein B3 is 



or 




and R27 and R28 independently denote a linear or branched alkyI group having 1-18 carbon atoms capable of including 
at least one methylene group which can be replaced by -0-. -S-. -CO-. -CH=CH-. -C^C-. or -CHW- where W is halogen, 
CN or CF3 provided that heteroatoms are not adjacent to each other. 

In the above formulae (5) - (8), the respective groups R21 - R28 may be an optically active or optically inactive. 

45 In the above another mesomorphic compound of the formulae (5) - (8), the mesomorphic compound of the formula 
(5) may preferably be any one of a mesomorphic compound of the formula (5-1) to (5-7); the mesomorphic compound 
of the formula (6) may preferably be any one of a mesomorphic compound of the formula (6-1 ) to (6-5); the mesomorphic 
compound of the formula (7) may preferably any one of a mesomorphic compound of the formula (7-1 ) to (7-9); and the 
mesomorphic compound of the formula (8) may preferably be any one of a mesomorphic compound of the formula (8- 

50 1) to (8-6), respectively shown below: 
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Formula (5-1) 

5 




10 

Formula (5-2) 
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Formula (5-3) 

20 




30 



35 



40 



45 



50 



BNSDOCID: <EP 071 1 81 8A1 > 



22 



EP0 711 818 A1 



Formula (5-4) 
R21 



f/ "iv-// \\ 




OC— R22 
II 

o 



Formula (5-5) 




Formula (5-6) 



N 



22 



Formula (5-7) 



Formula (6-1) 



O 



Formula (6-2) 




Formula (6-3) 
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OC — (h)~R 



2 

It 

O 



Formula (6-5) 



Formula (7-1) 
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Formula (7-2) 



Formula (7-3) 



Formula (7-4) 



Formula (7-5) 
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Formula (7-8) 




— R 



25 




^26 



Formula (8-1) 




Formula (8-2) 




Formula (8-3) 




25 
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Formula (8-4) 



5 
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Formula (8-5) 
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OR 



'26 



20 



Formula (8-6) 




28 
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In the above formulae (5-1) to (8-6). R21 to R28 and Yi have the same meanings as defined above. 
In the above formulae (5-1) - (5-5). R21 may preferably be a linear alkyi group having 4 - 14 carbon atoms and R22 
30 may preferably be a linear alkyI group having 4-12 carbon atoms. Further, in the above formulae (5-6) and (5-7), R21 
may preferably be a linear alkyI group having 4 - 14 carbon atoms and R22 may preferably be a linear alkyI group having 
4-10 carbon atoms. 

In the above formulae (6-1) - (6-5), R23 may preferably be a linear alkyI group having 4 - 14 carbon atoms and R24 
may preferably be a linear alkyI group having 2-10 carbon atoms. 
35 In the above formulae (7-1) - (7-9), R25 may preferably be a linear alkyI group having 2-10 carbon atoms and R26 
may preferably be a linear alkyI group having 2-12 carbon atoms. 

In the above formulae (8-1) - (8-6), R27 may preferably be a linear alkyI group having 2-10 carbon atoms and R28 
may preferably be a linear alkyI group having 4-12 carbon atoms. 

The liquid crystal composition of the present invention may preferably assume a chiral smectic phase, particularly 
40 a chiral smectic C phase. Further, in order to provide a good uniform alignment to obtain a monodomain state when 
included in a liquid crystal device. The liquid crystal composition may preferably have phase transition series including 
an isotropic phase, a cholesteric (chiral nematic), a smectic phase, and a chiral smectic phase (particularly, a chiral 
smectic C phase) on temperature decrease. 

When the liquid crystal composition assumes a chiral smectic C phase, the liquid crystal composition may preferably 
45 have a layer inclination angle 6 (which is an inherent property of a chiral smectic liquid crystal material) of 3 - 1 5 degrees 
in a temperature range of 0 - 60 °C. 

The liquid crystal device according to the present invention may be constituted by disposing the above-described 
liquid crystal composition, particularly a chiral smectic liquid crystal composition between a pair of substrates each 
provided with an electrode for applying a voltage to the liquid crystal composition (herein, sometimes referred to as 
50 "electrode plate"). At least one (either one or both) of the electrode plates may preferably be provided with an alignment 
control layer for controlling an alignment state of the liquid crystal composition. The alignment control layer may be 
subjected to aligning treatment as desired. 

The device according to the present invention may preferably provides a pretilt angle a and the liquid crystal com- 
position (preferably a chiral smectic liquid crystal composition) may preferably be placed in such an alignment state that 
55 the chiral smectic liquid crystal shows a cone angle (Q), a layer inclination angle 5 in chiral smectic C phase, and an 
apparent tilt angle ea satisfying the following relationships (I), (II) and (III) in a temperature range of 1 0 - 50 °C, particularly 
at around room temperature (e.g., 30 °C), in combination with the pretilt angle a: 



@ < a + 6 
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6 < a and 



® > ea > (H) /2 (III). 

5 The above C1 uniform conditions (I). (II) and (III) are provided based on the following reason. 

Generally, in a liquid crystal device utilizing birefringence of a liquid crystal, the transmittance under right angle cross 
nicols is given by the following equation: 

|/|Q=sin^4ea ■ sin^(And/A)rc, 

10 

wherein 



Iq: incident light intensity, 

I: transmitted light intensity, 

15 ea: apparent tilt angle, 

An: refractive index anisotropy, 

d: thickness of the liquid crystal layer, 

k: wavelength of the incident light. 



20 The apparent tilt angle ea in a non-helical structure is recognized as a half of an angle between the average molecular 
axis directions of liquid crystal molecules in a twisted alignment (in the thickness direction of the cell or the direction of 
a normal to the substrate) in a first orientation state and a second orientation state. According to the above equation, it 
is shown that an apparent tilt angle ea of 22.5 degrees provides a maximum transmittance and the apparent tilt angle 
ea in a non-helical structure for realizing bistability should desirably be as close as possible to 22.5 degrees in order to 

25 provide a high transmittance and a high contrast. 

However, it has been found that an apparent tilt angle ea (a half of an angle formed between molecular axes at two 
stable states) in a ferroelectric liquid crystal with a non-helical structure obtained by alignment with a uniaxially aligned 
polyimide film as an alignment control film has become smaller as compared with a a cone angle (g) (the angle ® is a 
half of the apex angle of the cone shown in Figure 3A as described below) in the ferroelectric liquid crystal having a 

30 helical structure. More specifically, the apparent tilt angle ea in a ferroelectric liquid crystal with a non-helical structure 
was found to be generally on the order of 3 - 8 degrees, and the transmittance ( l/lo) at that time was at most about 3 to 5 %. 

Incidentally, a smectic liquid crystal generally has a layer structure and, due to a shrinkage of spacing between 
layers when it causes a transition from smectic A phase (SmA) to chiral smectic C phase (SmC*). it assumes a chevron 
structure as shown in Figure 2 where the layers 21 are bent at a mid point between a pair of substrates provided with 

35 alignment control films 14a and 14b- 

There are two alignment states depending on the bending directions as shown in Figure 2, including a CI alignment 
state 22 appearing immediately after transition from a higher temperature phase to SmC* phase and a C2 alignment 
state 23 which appears in mixture with the CI alignment state on further cooling. It have been further discovered that 
in CI alignment state, two stable states providing a high contrast (hereinafter inclusively called "uniform state") are 

40 formed in addition to hitherto-found two stable states providing low contrast (hereinafter inclusively called "twist (or 
splay)") wherein liquid crystal directors are twisted between the substrates. 

These states can be transformed from one to the other by applying a certain electric field. More specifically, transition 
between two twist states is caused under application of weak positive and negative pulse electric fields, and transition 
between two uniform states is caused under application of strong positive and negative pulse electric fields. By using 

45 the two uniform states in CI alignment, it is possible to realize a display device which is brighter and shows a higher 
contrast than the conventional devices. Accordingly, it is expected that a display with a higher quality can be realized by 
using a display device wherein the entire display area is formed in CI alignment state and the high-contrast two states 
in CI alignment (Cl uniform state) are used as two states representing white and black display states. 

Referring to Figures 3A and 3B, directors in the vicinity of the substrates in the CI alignment and C2 alignment are 

50 disposed on cones 31 shown in Figures 3A and 38, respectively. As is well known, as a result of uniaxial aligning treat- 
ment, such as rubbing, liquid crystal molecules contacting a substrate surface form a pretilt angle a, the direction of 
which is such that the liquid crystal molecules 32 raise a fonward end up (i.e., spaced from the substrate surface) in the 
direction of the rubbing indicated by an arrow A (as shown also in Figure 2). From the above, it is required that the 
following relationships are satisfied among a cone angle @, the pretilt angle a and a layer inclination angle 6 (as defined 

55 above): 

<g) + 6 > a in CI alignment, and 
@ - 6 > a in C2 alignment. 



27 



BNSDOCID: <EP 071 1 81 8A1 > 



EPO 711 818 A1 

Accordingly, the condition for preventing the formation of C2 alignment but allowing C1 alignment is (g) - 6 < a. that is 

(H) <a + 6 (I), 

5 Further, from simple consideration of a torque acting on a liquid crystal molecule at a boundary surface in switching 

from one position to the other position under an electric field, the relationship of a > 6 ... (II) is given as a condition for 
easy switching of such a liquid crystal molecule at the boundary. 

Accordingly, in order to form the C1 alignment more stably, It is effective to satisfy the condition (II) in addition to the 
condition (I). 

10 From further experiments under the conditions of (I) and (II) , the apparent tilt angle ea is increased from 3 - 8 degrees 
obtained when the above conditions (I) and (II) are not satisfied to 8 - 1 6 degrees when the above conditions (I) and (II) 
are satisfied, and also an empirical relationship of (g) > ea > @/2 ...(III) has been also found between the cone angle ® 
and apparent tilt angle 6a. 

As described above, it has been clarified that the satisfaction of the conditions (I). (II) and (III) provides a display 
IS device capable of displaying a high-contrast image. 

The liquid crystal device according to the present invention may preferably include specific alignment control layers 
disposed on both opposite surfaces of the pair of substrates. Further, at least one of the alignment control layers may 
preferably be subjected to a uniaxial aligning treatment for aligning liquid crystal molecules in one direction, so that the 
respective uniaxial alignment axes may preferably be parallel to each other or intersect with each other at a prescribed 
20 crossing angle to control an alignment state of the liquid crystal molecules. In this instances, the liquid crystal device 
may be preferably satisfy the above C1 uniform conditions (I), (II) and (III). 

In order to further stably form the above-mentioned Cl alignment state and uniform alignment state to provide a 
good alignment state (C1 uniform alignment state), the above-described crossing angle may preferably be in a range of 
above 0 degrees to at most 25 degrees, more preferably 1 - 25 degrees. Further, the liquid crystal device may preferably 
25 provide a pretilt angle of at least 5 degrees. 

A preferred embodiment of the liquid crystal device will now be described with reference to Figure 1 which Is a 
schematic sectional view of the device. Referring to Figure 1 . the device includes a pair of substrates (glass plates) 11a 
and 1 1b coated with transparent electrodes 12a and 12b. respectively, of In203, Sn02, ITO (Indium tin oxide), etc., then 
successively further coated with insulating films 13a and 13b and alignment control films, respectively. 
30 The insulating films 1 3a and 1 3b may comprise a film of an inorganic substance or an organic substance as shown 
hereinbelow. Examples of such an inorganic substance may include silicon nitride, silicon carbide containing hydrogen, 
silicon oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide, zirconium oxide, titanium 
oxide, and magnesium fluoride. 

The insulating film 13a or 13b may be formed in a single layer or plural layers, as desired, and has a short circuit- 
35 preventing function between opposite substrates (opposite electrode). On the insulating film 1 3a or 1 3b. it is possible to 
form a coating-type insulating layer of, e.g., Tl-Si by a coating method. Further, in order to prevent liquid crystal movement 
at the time of driving a liquid crystal device, the insulating film 13a or 13b may comprise an insulating coating film 
containing Insulating beads, such as silica beads by.which the alignment control film formed thereon can be roughened 
to provide the alignment control film with an uneven surface (not shown). 
40 The alignment control films 14a and 14b may comprise a film of an organic substance or inorganic substance as 
shown above. Examples of such an organic substance may include polyvinyl alcohol, polyimide, polyamide-imide. pol- 
yester -imide, polyparaxylylene. polyester, polycarbonate, polyvinyl acetal, polyvinyl chloride, polyvinyl acetate, polya- 
mide, polystyrene, cellulose resin, melamlne resin, urea resin, acrylic resin, and photoresist resin. 

These insulating films 13a and 13b and alignment control films 14a and 14b may be formed in a single layer of an 
45 inorganic or organic insulating alignment control layer as desired. 

The alignment control films 14a and 14b may be formed, e.g., by applying and baking a polyamide acid (polyimide 
precursor) represented by the following formula: 
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The alignment control film 14a or 14b may be formed in a single layer or plural layers. Further, at least one of such 
an alignment control films may be subjected to aligning treatment, such as rubbing with, e.g., a gauze or acetate fiber 
planted cloth. 

The insulating films 1 3a and 1 3b and alignment control films each comprising an inorganic substance may be formed 

5 by vapor deposition, while those each comprising an organic substance may be formed by applying a solution of an 
organic substance or a precursor thereof in a concentration of 0.1 to 20 wt. %, preferably 0.2-10 wt. %, by spinner 
coating, dip coating, screen printing, spray coating or roller coating, followed by curing or hardening under prescribed 
hardening condition (e.g., by heating). The insulating films 13a and 13b and alignment control films 14a and 14b may 
have a thickness of ordinarily 3-100 nm. preferably 3 - 300 nm, further preferably 4-100 nm, respectively. 

10 In case where the liquid crystal device is used as a color liquid crystal display device, at least one glass substrates 
11a and 1 lb is provided with a dotted or lined color filter pattern comprising various color materials of red (R), green 
(G), blue (B), white (W), etc. (not shown). 

The color filter pattern formed on the glass substrate may be coated with a smoothing layer comprising an inorganic 
or organic material so as to minimize a stepwise difference between lines or dots constituting a color filter. Further. 

15 between the lines or dots of the color filter, a black light-interrupting (masking) layer comprising a metal or resin material 
may preferably be disposed (not shown) in order to prevent color-mixing of the respective colors. In such a color liquid 
crystal display device, the transparent electrode 11a and 11b may be designed in a prescribed pattern depending on 
the shape of the color filter pattern. 

Between the substrates 11a and lib is disposed a liquid crystal composition 15, and the spacing between the 

20 substrates 11a and 1 lb is set to a value (e.g., 0.1 - 20 fim, preferably 0.1 - 3 nm). The small spacing (e.g., 0.1 - 3 imm) 
is sufficiently small to suppress the formation of a helical structure of the (chiral smectic) liquid crystal composition 15, 
thus resulting in bistable alignment states of the liquid crystal composition 1 5. The small spacing is held by spacer beads 
16 composed of, e.g., silica, alumina, polymer film, glass fiber, etc.. dispersed between the substrates. Further, it is 
possible to dispose particles of an adhesive agent between the spacing in order to hold the spacing formed by spacer 

25 beads 16. 

The periphery of the glass substrates 11a and 1 1b is sealed up with a sealing agent (not shown) such as an epoxy 
adhesive. 

Further, outside the glass substrates 1 la and 1 1b, a pair of polarizers 17a and 17b are applied to the respective 
glass substrates. 

30 Incidentally, the crossing agent referred to herein as described above may be defined as follows. 

The crossing angle may be determined by an angle in the counterclockwise direction formed between a uniaxial 
alignment axis provided to the upper alignment film 14a and that provided to the lower alignment film 14b on the basis 
of the former axis. These alignment axes may preferably be directed in the same direction and intersect with each other 
at a crossing angle of within ±25 degrees, preferably at a crossing angle of above 0 degrees (as absolute value) and at 
35 most 25 degrees (as absolute value), particularly 1 - 25 degrees (as absolute value). 

In forming a transmission-type liquid crystal device, the liquid crystal apparatus of the present invention may include 
a light source (not shown) dispersed outside either one of the polarizers 17a and 17b. 

The liquid crystal apparatus may include the above-mentioned liquid crystal device, drive means (e.g.. drive circuit) 
and a light source as a backlight. The liquid crystal apparatus may preferably be a liquid crystal display apparatus, 
40 The liquid crystal display apparatus may be constituted by using the liquid crystal device for a display panel and by 
adopting an arrangement and data format comprising image data accompanied with scanning line address data and 
also a communication synchronization scheme using a SYNC signal as shown in Figures 6 and 7. 

Referring to Figure 6, the liquid crystal display apparatus 101 includes a graphic controller 1 02, a display panel 1 03, 
a scanning line drive circuit 104, a data line drive circuit 105. a decoder 106, a scanning signal generator 107. a shift 
45 resistor 108, a line memory 109, a data signal generator 1 10, a drive control circuit 1 1 1 , a graphic central processing 
unit (GCPU) 1 12. a host central processing unit (host CPU) 113, and an image data storage memory (VRAM) 1 14. 

Image data are generated in the graphic controller 102 in an apparatus body and transferred to the display panel 
103 (illuminated with a backlight (not shown)) by signal transfer means shown in Figures 6 and 7. The graphic controller 
102 principally comprises a CPU (or GCPU, central processing unit) 112 and a VRAM (video-RAM, image data storage 
50 memory) 114 and is in charge of management and communication of image data between a host CPU 1 13 and the 
liquid crystal display apparatus (FLCD) 101 . The control of image display according to the present invention is principally 
accomplished by the graphic controller 102. Incidentally, a light source is disposed at the back of the display panel 103. 

A simple matrix-type display apparatus using a liquid crystal device comprising a (chiral smectic or ferroelectric) 
liquid crystal composition disposed between a pair of substrates as described above may be driven by driving methods 
55 as disclosed by. e.g., JP-A 59-193426, JP-A 59-193427, JP-A 60-156046 and JP-A 60-156047. 

Figures 8A and 8B are waveform diagrams showing an example set of driving waveforms used in such a driving 
method. Figure 5 is a plan view showing an electrode matrix used in a chiral smectic liquid crystal panel 51 of a simple 
matrix-type. The liquid crystal panel 51 shown in Figure 6 includes scanning electrodes 52 and data electrodes 53 
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intersecting each other so as to constitute a pixel at each intersection together with a chiral smectic liquid crystal disposed 
between the scanning electrodes 52 and data electrodes 53. 

Referring to Figure 8A, at 83 is shown a selection scanning signal waveform applied to a selected scanning line, at 
Sn is shown a non-selection scanning signal waveform applied to a non-selected scanning line, at Is is shown a selection 

5 data signal waveform (providing a black display state) applied to a selected data line, and at 1^ is shown a non-selection 
data signal waveform applied to a non-selected data line. Further, at \q - 85 and i|sj - 85 in the figure are shown voltage 
waveforms applied to pixels on a selected scanning line, whereby a pixel supplied with the voltage Is - 83 assumes a 
black display state and a pixel supplied with the voltage In - 83 assumes a white display state. Figure 8B shows a time- 
serial waveform used for providing a display state as shown in Figure 9. 

10 In the driving embodiment shown in Figures 5A and 5B, a minimum duration At of a single polarity voltage applied 
to a pixel on a selected scanning line corresponds to the period of a writing phase X2, and the period of a one-line clearing 
phase ti is set to 2At. 

The parameters V3, V| and At in the driving waveforms shown in Figures 8A and SB are determined depending on 
switching characteristics of a ferroelectric liquid crystal material used. 

15 Figure 10 shows a V - T characteristic, i.e., a change in transmittance T when a driving voltage denoted by (Vs+V|) 
is changed while a bias ratio as mentioned hereinbelow is kept constant. In this embodiment, the parameters are fixed 
at constant values of At = 50 fis and a bias ratio V ,/(V i-hVq) = 1/3 . On the right side of Figure 10 is shown a result 
when the voltage (In-Ss) shown in Figure 8A is applied to a pixel concerned, and on the left side of Figure 10 is shown 
a result when the voltage (Is-Ss) is applied to a pixel concerned, respectively while increasing the voltage (V3+V1). On 

20 both sides of the ordinate, the absolute value of the voltage (V3+V,) is separately indicated. At (In-Ss) and (13-83), a 
previous (display) state is cleared by applying a voltage Vr and a subsequent (display) state is determined by voltages 
Vb'' and Vg^. respectively. Referring to Figure 10, a relationship of V2 < Vi < V3 holds. The voltage Vi may be referred 
to as a threshold voltage in actual drive and the voltage V3 may be referred to as a crosstalk voltage. More specifically, 
as shown in Figure 8A, a voltage Vi denotes a voltage value causing switching by applying a voltage signal Vg^ and a 

25 voltage V3 denotes a voltage value causing switching by applying a voltage signal Vb^ . Further, a voltage V2 denotes a 
voltage value required for clearing the previous state by applying a voltage signal Vg. The crosstalk voltage V3 is generally 
present in actual matrix drive of a ferroelectric liquid crystal device. In an actual drive, AV = (V3-V1) provides a range of 
I Vs+V|| allowing a matrix drive and may be referred to as a drive voltage margin (or drive margin), which is preferably 
large enough. It is of course possible to increase the value of V3 and thus AV (= V3 - Vi) by increasing the bias ratio 

30 (i.e., by causing the bias ratio to approach a unity). However, a large bias ratio corresponds to a large amplitude of a 
data signal and leads to an increase in flickering and a lower contrast thus being undesirable in respect of image quality. 
According to our study, a bias ratio of about 1/3-1/4 was practical. On the other hand, when the bias ratio is fixed, the 
voltage margin AV strongly depends on the switching characteristics of a liquid crystal material used, and it is needless 
to say that a liquid crystal material providing a large AV is very advantageous for matrix drive. 

35 The upper and lower limits of application voltages and a difference therebetween (driving voltage margin AV) by 
which selected pixels are written in two states of "black" and "white" and non-selected pixels can retain the written "black" 
and "white" states at a constant temperature as described above, vary depending on and are inherent to a particular 
liquid crystal material used. Further, the driving margin is deviated according to a change in environmental temperature, 
so that optimum driving conditions should be required of an actual display apparatus in view of a liquid crystal material 

40 used, a device structure and an environmental temperature. 

The values of cone angle @, apparent tilt angle ea. layer inclination angle 6 in smectic layer, pretilt angle a and 
spontaneous polarization Ps referred to herein are based on values measured according to the following methods. 

Measurement of cone angle tH) 



A liquid crystal device was sandwiched between right angle-cross nicol polarizers and rotated horizontally relative 
to the polarizers under application of an AC voltage of ±30 V to ±50 V and 1 00 Hz between the upper and lower substrates 
of the device while measuring a transmittance through the device by a photomultiplier (available from Hamamatsu Pho- 
tonics K.K.) to find a first extinct position (a position providing the lowest transmittance) and a second extinct position. 
50 A cone angle @ was measured as a half of the angle between the first and second extinct positions. 

Measurement of apparent tilt angle Ba 

A liquid crystal device sandwiched between right angle cross nicol polarizes was supplied with a single pulse of one 
55 polarity exceeding the threshold voltage of the ferroelectric liquid crystal and was then rotated under no electric field 
horizontally relative to the polarizers to find a first extinction position. Then, the liquid crystal device was supplied with 
a single pulse of the opposite polarity exceeding the threshold voltage of the ferroelectric liquid crystal and was then 
rotated under no electric field relative to the polarizers to find a second extinct position. An apparent tilt angle ea was 
measured as a half of the angle between the first and second extinct positions. 
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Measurement of liquid crystal layer inclination angle 6 



The method used was basically similar to the method used by Clark and Largerwal (Japanese Display '86, Sept. 
30 - Oct. 2, 1986, p.p. 456 - 458) or the method of Ohuchi et al (J.J. A.R. 2Z (5) (1 988). p.p. 725 - 728). The measurement 
5 was performed by using a rotary cathode-type X-ray diffraction apparatus (available from MAC Science), and 80 urn- 
thick microsheets (available from Corning Glass Works) were used as the substrates so as to minimize the X-ray absorp- 
tion with the glass substrates of the liquid crystal cells. 

Measurement of pretilt angle a 

10 

The measurement was performed according to the crystal rotation method as described at Jpn. J. Appl. Phys. vol. 
19 (1980). No. 10. Short Notes 2013. 

More specifically, a cell was filled with a standard liquid crystal mixture for measurement assuming SmA phase in 
the temperature range of 10 - 55 °C obtained by mixing 80 wt. % of a ferroelectric liquid crystal ("CS-1014", mfd. by 
15 Chisso K.K.) with 20 wt. % of a compound represented by the following formula: 



20 



n-C3H7-^}-CO-<g>-OC5Hi 1 -n , 



O 



For measurement, the liquid crystal cell provided with an objective alignment control layer was rotated in a plane 
25 perpendicular to the pair of substrates and including the aligning treatment axis (rubbing axis) and, during the rotation, 
the cell was illuminated with a helium-neon laser beam having a polarization plane forming an angle of 45 degrees with 
respect to the rotation plane in a direction normal to the rotation plane, whereby the intensity of the transmitted light was 
measured by a photodiode from the opposite side through a polarizer having a transmission axis parallel to the polari- 
zation plane. 

30 A pretilt angle a was obtained through a simulation wherein a fitting of a spectrum of the intensity of the transmitted 
light formed by interference was effected with respect to the following theoretical curve (a) and relationship (b): 



^ nd NeNo/N^Ca) - sin^0 y 

T(0) = cos^[-^( 1 -V^o - sin20 

N2(a) 



Ne^-No^ 



40 



45 



_ sina.cosa-sin0) ] (a), and 

N^(a) 

N(a) =^No^-cos^a + Ne^-sin^a (b). 



50 wherein No denotes the refractive index of ordinary ray, Ne denotes the refractive index of extraordinary ray, ^ denotes 
the rotation angle of the cell, T((t>) denotes the Intensity of the transmitted light, d denotes the cell thickness, and A 
denotes the wavelength of the incident light. 

Measurement of spontaneous polarization Ps 

55 

The spontaneous polarization Ps was measured according to "Direct Method with Triangular Waves for Measuring 
Spontaneous Polarization in Ferroelectric Liquid Crystal", as described by K. Miyasato et al (Japanese J. Appl. Phys. 
22. No. 10, L661 (1983)). 
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Hereinbelow, the present invention will be described more specifically based on Examples to which the present 
invention is not intended to be limited, however. 

Example 1 

5 

(1) A (base) liquid crystal composition A (Composition A) was prepared by mixing the following compounds in the 
indicated properties. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



BNS0OCID:<EP 0711818A1> 



32 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EPO 711 818 A1 



10 N-N 



N-N 



o 



N * 

CH3 



Structural Formula wt .parts 

N-N 



5. 5 



5. 5 



7. 5 



3. 5 



2 2. 0 



4. 5 



CsH,3-<^^<g>-OC,.H: 
CaH..-<^^^g>-OC,H.. 9. 0 

CaHn^(^>-<§>-OC,oH2. 



9. 0 



4. 5 



1 1. 0 



C.oH2,0--<^>— CO— <^)— OCH2CHC2H5 18. 0 
O 



The liquid crystal composition A showed the following phase transition series, spontaneous polarization Ps and 
cone angle @: 
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Phase transition temperature (°C) 



5 

-16 

Cryst . ^ Sin*C 4 SmA < Ch . < I so . 

-34 59 74 80 

w 

Herein, the respective symbols in the phase transition series represent the following phases: 



Cryst.: crystal phase, 

Sm*C: chiral smectic C phase, 

15 SmA: smectic A phase, 

Ch: cholesteric phase (chiral nematic phase), 



and 



20 Iso: isotropic phase. 

Ps (nC/cm2) = 10.2 (at 30 °C) 
® (degrees) = 18.1 (at 30 °C) 



Then, two glass substrates each provided with a transparent electrode were respectively coated with a thin film 
25 of tantalum oxide by sputtering. Onto the respective tantalum oxide films formed on the two glass substrates, a 1 %- 
solution in NMP (N-methyl-2-pyrrolidone) of a polyamic acid ("LQ 1802", mfd. by Hitachi Kasei K.K.) having the structural 
formula described above was applied by using a spinner, respectively, followed by baking for 1 hour at 270 °C to form 
an alignment film. 

The thus prepared two substrates were subjected to rubbing treatment and were applied to each other with a gap 
30 of the order of 1 .2 - 1 .3 |Lim so as to have uniaxial alignment (or rubbing treatment) axes extending in the same direction 
but intersecting with each other at an intersection (or crossing) angle of 1 0 to form a blank ceil. The cell showed an pretilt 
angle a of 1 7 degrees (DEG.) as measured according to the crystal rotation method. 

Into the cell, the liquid crystal composition A placed in an isotropic liquid crystal (by heating) as injected. Thereafter, 
the liquid crystal composition A was gradually cooled from isotropic phase temperature to 25 °C at a rate of 20 °C/hr to 
35 prepare a (ferroelectric) liquid crystal device. 

When the liquid crystal device (Device A) was subjected to visual observation through a microscope for evaluating 
a uniform aligning characteristic, the liquid crystal device showed an alignment including 95 % of uniform alignment and 
5 % of twist alignment, thus failing to provide homogeneous uniform alignment over the entire liquid crystal device. 
Further, the liquid crystal device (or composition) provided a layer inclination angle 6 of 12.0 degrees and an apparent 
40 tilt angle of 1 2.5 degrees. 

Further, the liquid crystal device was driven by applying a set of driving waveforms shown in Figure 4 (bias ratio = 
1/3) to measure a drive voltage margin (drive margin) AV (= V3 -Vi) while setting set At so as to provide Vi = 15 volts. 
The results are shown below. 



{Device A> 


10°C 


20°C 


30°C 


40°C 


Drive margin (V) 


2.1 


3.0 


4.1 


4.0 


Set At (insec) 


221 


126 


86 


60 



Further, when the liquid crystal device was subjected to measurement of contrast ratio, the liquid crystal device 
55 showed a contrast ratio of 28. 

(2) A liquid crystal composition 1-AI (Composition 1 -Al) was prepared by mixing the following example compound 
with Composition A in the indicated proportions. 
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Ex , Comp , No , 
3-4 



Structural formula 
-N 

-N 



wt . parts 
10 



-CaHi 



10 



Composition A 



90 



The liquid crystal composition 1-AI showed the following phase transition series, spontaneous polarization Ps and 
15 cone angle @. 

Phase transition temperature (°C) 



20 



-19 



Cryst . 



-37 



Sm C ^ 



53 



SmA <- 



71 



Ch. <^ 



76 



I so . 



25 



Ps {nC/cm2) = 6.4 (at 30 °C) 
@ (degrees) = 15.2 (at 30 °C) 

A liquid crystal device (Device 1-AI) was prepared and evaluated in the same manner as (1) described above 
30 except that Composition 1 -Al was used. The results are shown below. 

(Device 1 - Al) 

Uniform aligning characteristic 



35 



Homogeneous uniform alignment was observed over the almost entire area of the liquid crystal device. The liquid 
crystal device (or composition) also provided a layer inclination angle 6 of 10.3 degrees and an apparent tilt angle ea of 
10.8 degrees. 



40 



45 





10°C 


20^C 


30°C 


40°C 


Drive marain (V) 


4.4 


5.1 


6.8 


4.0 


5et At (^§?c) 


214 


114 


80 


55 


Contrast ratio: 


41 (at 30 °C) 







50 



(3) A liquid crystal composition 1 -All (Composition 1 -Al!) was prepared by mixing the following example compound 
with Composition A in the indicated proportions. 
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• 



Ex , Comp . No . Structural formula wt . parts 

C10H21O 



Composition A 90 



The liquid crystal composition 1 -All showed the following phase transition series, spontaneous polarization Ps and 
15 cone angle (@). 

Phase transition temperature (°C) 

20 

-31 

Cryst,^^ ^ Sm*C SmA ^ Ch. Iso, 

-34 54 74 78 

25 

Ps (nC/cm2) = 6.8 (at 30 °C) 
@ (degrees) = 14.8 (at 30 "^C) 

30 A liquid crystal device (Device 1-AII) was prepared and evaluated in the same manner as (1) described above 

except that Composition 1 -All was used. The results are shown below. 

{Device 1-AII) 

35 Uniform alianino characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. The liquid crystal 
device (or composition) also provided a layer inclination angle 6 of 9.5 degrees and an apparent tilt angle ea of 10.1 
degrees. 

40 





lO'^C 


20°C 


30^C 


40^C 


Drive marain (V) 


4.0 


4.8 


6.7 


3.8 


Set At (usee) 


199 


108 


74 


49 


Contrast ratio: 


42 (at 30 °C) 







50 

(4) A liquid crystal composition 1 -Alll (Composition 1 -AIM) was prepared by mixing the following example compound 
with Composition A in the indicated proportions. 
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Ex . Comp , No , 
3-4 



Structural formula 

C.oH2.0-<^HH^g>-<CHa>T<g> 



10 




wt ■ parts 
5 



15 



Composition A 



90 



The liquid crystal composition 1 -AIM showed the following phase transition series, spontaneous polarization Ps and 
20 cone angle ®. 

Phase transition temperature (°C) 



25 



-20 

Cryst . ^ ^ Sm*C < 

-36 53 



SmA ^ 



Ch. ^ 



I so . 



74 



78 



30 



35 



Ps(nC/cm2) = 7.1 (at 30 ^C) 
@ (degrees) = 14.9 (at 30 °C) 

A liquid crystal device (Device 1-AIII) was prepared and evaluated in the same manner as (1) described above 
except that Composition 1-Alll was used. The results are shown below. 

<Device 1-Alll) 

Uniform allonina characteristic 

40 Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. The liquid crystal 
device (or composition) also provided a layer inclination angle 6 of 9.7 degrees and an apparent tiit angle ea of 10.4 
degrees. 



45 



50 





10°C 


20*^C 


30°C 


40*^0 


Drive marain (V) 


4.3 


4.9 


6.8 


4.1 


Set At fusee) 


194 


108 


74 


52 


Contrast ratio: 


48 (at 30 ^C) 







55 Comparative Example 1 

A liquid crystal composition 1 -Al V (Composition 1 - AlV) was prepared by mixing the following comparative compound 
(instead of the compound (Ex. Comp. No. 3-4) used in (1) of Example 1 described above) with Composition A in the 
indicated proportions. 
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10 



Structural formula 
-N 

Composition A 



C,oH2.-<^>-<;g>-OCaHn 



wt .parts 
10 

90 



15 



The liquid crystal composition 1 -Al V showed the following phase transition series, spontaneous polarization Ps and 
cone angle @. 

Phase transition temperature (^C) 



20 



25 



30 



35 



40 



45 



-4 



Cryst 



-31 



59 



SmA ^ 



Ch. ^ 



I so . 



74 



79 



Ps (nC/cm2) = 7.3 (at 30 °C) 
® (degrees) = 18.0 (at 30 °C) 

A liquid crystal device (Device 1-AIV) was prepared and evaluated in the same manner as (1) of Example 1 
described above except that Composition 1-AIV was used. The results are shown below. 

(Device 1 - AlV) 

Uniform alioning characteristic 

The liquid crystal device showed an alignment including 95 % of uniform alignment and 5 % of twist alignment. As 
a result, homogeneous uniform alignment was not observed over the entire area of the liquid crystal device. The liquid 
crystal device (or composition) also provided a layer inclination angle 6 of 1 2.0 degrees and an apparent tilt angle 0a of 
12.4 degrees. 





10*^0 


20°C 


30°C 


40°C 


Drive marain (V) 


2.1 


3.2 


4.4 


4.3 


Set At (fiseq) 


240 


130 


89 


62 


Contrast ratio: 


32 (at 30 ^'C) 
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The results of Example 1 and Comparative Example 1 are summarized as follows. 



Ex, 


Composition 


Ex. Comp. No. 


Alignment*! 


1 10/40*2 


Contrast 






(3) 


(4) 








1(1) 


A 






A 


3.68 


28 


1(2) 


1-AI 


3-4 




0 


3.89 


41 


1(3) 


1-AII 




4-10 


o 


4.06 


42 


1(4) 


1-AIII 


3-4 


4-10 


0 


3.73 


48 


Comp. Ex. 1 


1-AIV 


comparative 




A 


3.87 


32 


A represents alignment including 95 % of uniform alignment and 5 % of twist alignment. 



*1 : o represents (100 % of) homogeneous C1 uniform alignment. 

*2: fio^^o represents a temperature-dependence (factor) of set At, i.e., a ratio of a set At at 10 °C 
to a set At at 40 °C. 



As apparent from the above results, the liquid crystal compositions 1-AI, 1-AII and 1-AIII improved the uniform 
aligning characteristic of the (base) liquid crystal composition A showing a uniform alignment state including 5 % of a 
twist alignment state. 

25 However, the liquid crystal compositions 1-AI and 1-AII among the above compositions fails to improve a temperature 
characteristic (f""*^^^; temperature-dependence of set At) of the liquid crystal composition A (fio/40 ^ 3 ggj sjpQg ^j^g ijquj^j 
crystal compositions 1-Af and 1-AII provided rather worse values (f^o^^o _. 3 gg Composition 1-AI and 4.06 for Com- 
position 1-AII), respectively. 

On the other hand, the liquid crystal composition 1-AIII, using the mesomorphic compounds of the formulae (3) and 
30 (4), according to the present invention provided a substantially similar (or slightly increased) temperature characteristic 
and a remarkably improved contrast ratio when compared with those of the liquid crystal composition A. 

Further, the liquid crystal composition 1 -Al V used in Comparative Example 1 wherein the comparative mesomorphic 
compound was used failed to provide improvements in uniform aligning characteristic, temperature characteristic (f ^0^"^°) 
and contrast ratio. 

35 Accordingly, the liquid crystal composition (Composition 1-Alll) according to the present invention was confirmed 
that the liquid crystal composition provided a balanced performance with respect to improvements in uniform aligning 
characteristic, temperature characteristic (f""*^^"**^) and contrast ratio. 

Example 2 

40 

Liquid crystal compositions 2-AI, 2-AII and 2-AIII (Compositions 2-AI, 2-AII and 2-AIM) were prepared in the same 
manner as in Example 1 except for using the following example compounds in the indicated proportions, respectively 
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Compo- Ex.Comp- 

sition No. Structural formula 




wt , parts 
15 



Composition A 



85 



15 



N 

2-AII 4-86 <^)^CH2^h<^y-^s^^^ 15 



20 



25 



30 



Composition A 



2-AIII 3-22 



4-86 




CeH, 



Composition A 



85 



10 



85 



35 



40 



The liquid crystal compositions 2-AI. 2-AM and 2-AIII showed the following phase transition series, spontaneous 
polarization Ps and cone angle @, respectively. 

(Composition 2-AI> 

Phase transition temperature (^C) 



45 



-10 

Cryst . ^ Sm*C SmA < Ch . c 1 so , 



50 



-23 

Ps (nC/cm2) = 7.3 (at 30 °C) 
® (degrees) = 15.4 (at 30 ^C) 



58 



76 



85 
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(Composition 2-AII> 

Phase transition temperature C^C) 

5 



-8 

Cryst- K Sm*C<t SmA « Ch. < Iso. 

-15 64 84 95 



Ps {nC/cm2) = 7.2 (at 30 °C) 
O (degrees) = 18.2 (at 30 ^C) 

15 

(Composition 2-AIII> 

Phase transition temperature C^C) 

20 



-7 

Cryst. >c ^ Sm*C ^ SmA « Ch.«^ Iso- 

25 -21 60 81 90 



Ps (nC/cm2) = 6.8 (at 30 °C) 
® (degrees) = 15.6 (at 30 ^C) 

30 Liquid crystal devices (Devices 2-AI, 2-AU and 2-AIII) were prepared and evaluated in the same manner as (1) 

of Example 1 described above except that Compositions 2-AI, 2-AII and 2-AIII were used, respectively. The results are 
shown below, 

(Device 2-AI) 

35 

Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 

40 





lO^'C 


20''C 


30°C 


40*^C 


50°C 


Drive margin (V) 


5.2 


6.0 


7.5 


7.6 


2.1 


Set At ff4$^Q) 


284 


146 


96 


68 


41 


Contrast ratio: 


41 (at 30 °C) 
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(Device 2-AI!)> 

Uniform aiigning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 



10 





10°C 


20^C 


30°C 


40°C 


50°C 


Drive marain (V) 


5.0 


6.2 


6.8 


6.8 


2.6 


Set At (}xsec) 


298 


150 


98 


69 


42 


Contrast ratio: 


31 (at 30 °C) 









15 

(Device 2-AIII> 
20 Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 



25 



30 





lO^C 


20°C 


30°C 


40°C 


50^C 


Drive margin (V) 
Set At (usee) 
Contrast ratio: 


5.4 
264 
49 (£ 


6.1 
140 
It 30 °C) 


7.5 
93 


7.6 
66 


2.5 
40 



35 



40 



45 



50 



As apparent from Example 2, the liquid crystal compositions 2-AI and 2-AII provided an improved uniform aligning 
characteristic but showed inferior temperature characteristic (f ^^"^^ = (set At at 1 0 °C/set At at 40 °C) 4. 1 8 for Composition 
2-AI and 4.32 for Composition 2-AII) when compared with the (base) liquid crystal composition A (f''0/40 ^ 3 53) Regard- 
ing the contrast ratio (at 30 °C), the liquid crystal composition 2-AI provided an improved contrast ratio of 41 and the 
liquid crystal composition 2-AII provided a slightly improved contrast ratio of 31 when compared with the liquid crystal 
composition A (contrast ratio of 28). 

On the other hand, the liquid crystal composition 2-AMI according to the present invention containing the mesomor- 
phic compounds of the formulae (3) and (4) provided not only a homogeneous uniform alignment state but also a remark- 
ably improved contrast ratio of 49 and wider drive margins although the temperature characteristic thereof (f^^^"^ = 4. 00) 



was somewhat inferior to that (f 



10/40 



: 3.68) of the liquid crystal composition A. 



Accordingly, it has been confirmed that the liquid crystal composition (Composition 2-AI 1 1) according to the present 
invention showed a balanced performance in view of improvements in uniform aligning characteristic, temperature char- 
acteristic, contrast ratio and drive margin as a whole. 

Example 3 

Liquid crystal compositions 3-AI, 3-AII and 3-AIII (Compositions 3-AI, 3-AII and 3-AIII) were prepared in the same 
manner as in Example 1 except for using the following example compounds in the indicated proportions, respectively. 
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3 - A n 



3 - A HI 
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Ex . Comp , 
No. 



3-25 



3-20 



4-18 



4-16 



4-85 



4-90 



3 ~ 25 

3- 20 

4- 18 
4-16 
4-85 
4-90 




Composition A 
:N 



C,oH.-<^>-<g>-^g>-<CH3^.^ 
^HCH.>^>-<g>-<H^CsH„ 

N 

<g>-<CH.^ 0-<^>-<g>-C,oH3. 



Composition A 




-N 
-N 



Coixposition A 



8 



8 



8 



73 
5 

5 
5 



2 
73 



The liquid crystal compositions 3-AI, 3-AII and 3-AIII showed the following phase transition series, spontaneous polar- 
ization Ps and cone angle @, respectively. 
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(Composition 3-AI) 
Phase transition temperature f°C) 



-21 



Cryst, 1^ ^ Sm*C< SmA * Ch. ^ 



-31 58 76 90 



I so . 



Ps (nC/cm2) = 4.8 (at 30 °C) 
® (degrees) = 1 7.8 (at 30 °C) 

15 (Composition 3-AII) 

Phase transition temperature (^C) 



-15 



Cryst. Sm*C SmA <: Ch. 



-16 50 75 80 



ISO . 



Ps (nC/cm2) = 5.2 (at 30 °C) 
@ (degrees) = 15.1 (at 30 °C) 

(Composition 3-AIII) 

Phase transition temperature (°C) 



25 _24 

Cryst. T ^ sin*C — SmA Ch. < iso 

-27 58 81 92 ■ 

40 Ps (nC/cm2) = 4.8 (at 30 °C) 

® (degrees) = 15.1 (at 30 ^C) 

Liquid crystal devices (Devices 3-AI, 3-AII and 3-AIII) were prepared and evaluated in the same manner as (1) 
ol Example 1 described aix)ve except that Compositions 3-AI, 3-All and 3-AIII were used, respectively. The results are 
shown below. 
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(Device 3-AI) 

Uniform aligning characteristic 
5 Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 





10°C 


20°C 


30°C 


40°C 


50°C 


Drive margin (V) 


4.4 


6.2 


6.8 


7.5 


2.1 


Set At (usee) 


440 


240 


133 


84 


48 


Contrast ratio: 


39 (at 30 °C) 









15 



(Device 3-AII» 
20 Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 



25 





10°C 


20^C 


30°C 


40°C 


50°C 


Drive margin (V) 


3.9 


5.0 


6.2 


4.1 




Set At (usee) 


421 


231 


129 


82 




(Note) Not measurable. 


Contrast ratio: 


43 (at 30 °C) 



35 

(Device 3-AIII) 

Uniform aligning characteristic 

40 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 





lO^C 


20^C 


30°C 


40°C 


50°C 


Drive margin (V) 


5.1 


7.0 


8.0 


7.9 


2.4 


Set At (usee) 


370 


203 


123 


80 


42 


Contrast ratio: 


54 (at 30 *^C) 









As apparent from Example 3, as to the phase transition temperature, the liquid crystal composition 3-AI I showed a 
phase transition temperature (Tc) from SmA to Sm*C of 50 *^C lower than those (58 *^C for Composition 3-AI and 3-AIII. 
55 respectively) of the liquid crystal compositions 3-AI and 3-AIII. As a result, the liquid crystal device 3-AII using the liquid 
crystal composition 3-AII failed to provide a drive margin (V) and set At (usee) at 50 °C. 

Further, the liquid crystal compositions 3-Al and 3-AII provided an improved uniform aligning characteristic but 
showed considerably inferior temperature characteristic (f"'0/4O ^ 5 24 for Composition 3-AI and 5. 1 3 for Composition 3- 
All) when compared with the (base) liquid crystal composition A (f^^^'*^ = 3.68). Regarding the contrast ratio (at 30 °C), 
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the liquid crystal compositions 3-AI and 3-AfI provided an improved contrast ratios of 39 and 43, respectively, when 
compared with the liquid crystal composition A (contrast ratio of 28). 

On the other hand, the liquid crystal composition 3-AIII according to the present invention containing the mesomor- 
phic compounds of the formulae (3) and (4) provided not only a homogeneous uniform alignment state but also a remark- 
5 ably improved contrast ratio of 54 and wider drive margins although the temperature characteristic thereof (f^'O^'^o = 4.63) 
was inferior to that (f = 3.68) of the liquid crystal composition A. 

Accordingly, it has been confirmed that the liquid crystal composition (Composition 3-AIII) according to the present 
invention showed a balanced performance when improvements in uniform aligning characteristic, temperature charac- 
teristic, contrast ratio and drive margin were taken into account as a whole. 



A (base) liquid crystal composition B (Composition B) as prepared by mixing the following compounds in the indicated 



25 



30 



35 



40 



45 



50 



10 



Example 4 



properties. 
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N-N 

CsH..-^g>-^3>H(g>- CsH. 
CsH.3-<0>-ls>-<0^C.H, 




CeH.3-^>-<g>-0C..H. 
UH.-<^<g>-OC,H.. 
CsH.-^:^-<g>-OC.oH3. 

N 

C,oH«-<^V<g>-OCH. CHCs H.: 



50 CH3 

C.oH.O^@^CO -<g>- OCH. CHC. Hs 

o 



structural Formula wt . parts 

6. 3 



6. 2 



// W 8. 3 



C.H. 4. 2 



2 5. 0 



5. 0 



1 0. 0 



10. 0 



5. 0 



1 2. 5 



7. 5 



The liquid crystal composition B showed the following phase transition series, spontaneous polarization Ps and 
cone angle @. 
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Phase transition temperature (°C) 



-13 

Cryst. ^ Sm*C < SmA < Ch . ^ I so, 

-27 66 75 84 

70 

Ps (nC/cm2) = 1 2.6 (at 30 °C) 
@ (degrees) = 21 ,2 (at 30 °C) 

A liquid crystal device (Device B ) was prepared and evaluated in the same manner as in Example 1 described 
above except that Composition B was used. The results are shown below. 

75 

(Device B) 

Uniform aligning characteristic 

20 The liquid crystal device showed an alignment including 70 % of uniform alignment and 30 % of twist alignment. As 
a result, homogeneous uniform alignment was not observed over the entire area of the liquid crystal device. The liquid 
crystal device (or composition) also provided a layer inclination angles of 14.1 degrees and an apparent tilt angle 6a of 
13.7 degrees. 





10°C 


20°C 


30°C 


40^C 


50°C 


Drive margin (V) 


2.2 


3.0 


4.4 


4.1 


2.2 


Set At (usee) 


221 


130 


93 


65 


48 


Contrast ratio: 


19 (at 30 °C) 









35 Liquid crystal compositions 4-BI, 4-BII and 4-BIII (Compositions 4-BI, 4-BII and 4-BIII) were prepared in the same 
manner as in Example 1 except for using the following example compounds in the indicated proportions, respectively. 
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70 



Compo- 
sition 



4 - BI 



Ex . Comp , 
No. 



Structural formula 
-N 



3-26 C.2H2 




-N 



wt . parts. 
1 5 



CsH,. 



Conoosit ion B 



8 5 



15 



20 



4 - B n 



4 - 6 C.oH._^>_^g>_.cH.>.^ 1 5 



Composition B 



8 5 



25 



30 



35 



4 - B nr 



-N 



3-26 C.2H2 




-N 



N 

4 - 6 C.oH.._<Q>_<^g>_(CH2>.<g> 5 



Compo sit ion B 



1 0 



8 5 



40 The liquid crystal compositions 4-BI, 4-BII and 4-BII! showed the following phase transition series, spontaneous 
polarization Ps and cone angle ©. respectively. 

(Composition 4-BI) 

45 Phase transition temperature (°C) 



50 



-10 

Cryst. X =^ Sm*C SmA < Ch. ^ Iso. 



55 



-24 



Ps (nC/cm2) = 8.5 (at 30 ^C) 
@ (degrees) = 20.0 (at 30 ^'C) 



64 



78 



89 
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{Composition 4-BII) 

Phase transition temperature CO 



-4 

Cryst- Sm*C < SmA < Ch. Iso. 

-11 45 71 77 

10 

Ps (nC/cm2) = 8.0 (at 30 °C) 
O (degrees) = 12.2 (at 30 ^C) 

15 {Composition 4-BIII) 

Phase transition temperature (IC) 



20 



-5 



Cryst. 



SitiA ^ 



Ch, 



-16 



Iso . 



62 



78 



87 



25 

Ps (nC/cm2) = 8.3 (at 30 °C) 
(g) (degrees) = 16.7 (at 30 °C) 

Liquid crystal devices (Devices 4-BI. 4-BII and 4-BIII) were prepared and evaluated in the same manner as in 
Example 1 described above except that Compositions 4-BI, 4-Blt and 4-BIII were used, respectively. The results are 
30 shown below. 

{Device 4-BI) 



35 



Uniform aligning characteristic 

The liquid crystal device showed an alignment including 85 % of uniform alignment and 1 5 % of twist alignment. As 
a result, homogeneous uniform alignment was not observed over the entire area of the liquid crystal device. The liquid 
crystal device (or composition) also provided a layer inclination angle 6 of 13.3 degrees and an apparent tilt angle ea of 
14.0 degrees. 



40 



45 





10°C 


20°C 


30°C 


40°C 


50^C 


Drive marain (V) 


3.6 


5.1 


7.1 


7.4 


2.8 


Set AX (lisec) 


218 


129 


92 


63 


42 


Contrast ratio: 


22 (at 30 °C) 









50 



{Device 4-BII) 



55 



Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. The liquid crystal 
device (or composition) also provided a layer inclination angle 6 of 8.2 degrees and an apparent tilt angle ea of 8.4 
degrees. 



50 



BNS0OCtD:<EP 0711818A1> 



EPO 711 818 A1 





10^C 


20°C 


SO^C 


40*^0 


50°C 


Drive marain (V) 


2.6 


3.2 


4.2 






Set At fusee) 


141 


89 


62 






Contrast ratio: 


41 (at 30 °C) 









10 

(Device 4-BIII> 

Uniform aligning characteristic 

15 Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. The liquid crystal 

device (or composition) also provided a layer inclination angle 6 of 10.9 degrees and an apparent tilt angle ea of 1 1 .9 
degrees. 





10°C 


20*'C 


30°C 


40°C 


50°C 


Drive margin (V) 


4.0 


5.8 


7.1 


7.5 


2.6 


Set At (^sec) 


214 


124 


87 


65 


42 


Contrast ratio: 


38 (at 30 ^C) 









As apparent from Example 4, the liquid crystal composition 4-BII using the mesomorphic compound of the formula 
30 (4) (but not using the mesomorphic compound of the formula (3)) showed a phase transition temperature Tc (SmA — > 
Sm*C) of 45 ^C lower than those (Tc = 62-66 *^C) of the liquid crystal compositions B, 4-BI and 4-BIII, thus failing to 
measure drive margins at 40 °C and 50 ^C. The liquid crystal composition 4-BI using the mesomorphic compound of 
the formula (3) (but not using the mesomorphic compound of the formula (4)) failed to provide a homogeneously uniform 
alignment state over the entire liquid crystal device since the alignment state of the liquid crystal device 4-BI including 
35 the liquid crystal composition 4-BI included 15 % of a twist alignment state. 

On the other hand, the liquid crystal composition 4-BIII according to the present invention containing the mesomor- 
phic compounds of the formulae (3) and (4) in combination did not provide the above deficiencies of Compositions 4-BI 
and 4-Bll (i.e., inferior uniform aligning characteristic and a lowering in Tc but provided excellent performances including 
better uniform aligning characteristic and a higher contrast ratio and wider drive meanings while retaining a Tc and f^^^"^ 
40 substantially similar to those of the (base) liquid crystal composition B. 

In other words, it has been confirmed that the liquid crystal composition (Composition 4-BIII) according to the present 
invention showed a balanced performance in view of improvements in uniform aligning characteristic, temperature char- 
acteristic (f^^^**^). contrast ratio and drive margin as a whole. 

45 Example 5 

Liquid crystal compositions 5-Bl, 5-BII and 5-BIII (Compositions 5-BI, 5-BII and 5-BIII) were prepared in the same 
manner as in Example 1 except for using the following example compounds in the indicated proportions, respectively. 
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Compo- Ex , Comp 
sition No. 



Structural formula 



wt . parts 




3-27 CsHn-<Q^ 
Composition B 



4-10 



4-63 



4-16 



C,oH3-0-^^>-<g>^CH.^^<g> 13 
C.oH3.-<^>-<0>^(Q>-<CH3>T<g> 6 



Composition B 



75 



3-27 CaHiT 




4-10 



4-63 



4-16 



CsHiT 5 



10 



C,oH. - 0-<^^>-^g>-<CH.^T<g> 

N 

C,oH.-^V<0>-<g>^CH,MQ> 5 



Composition B 



75 



The liquid crystal compositions 5-BI, 5-BII and 5-BIII showed the following phase transition series, spontaneous 
polarization Ps and cone angle @, respectively. 
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(Composition 5-BI> 
Phase transition temperature C'C) 

5 

-18 

Cryst. ^ Sm*C ^ SmA ^ Ch. ^ iso. 

-19 43 59 74 

Ps (nC/cm2) = 6.2 (at 30 °C) 
O (degrees) = 9.2 (at 30 °C) 

15 (Composition 5-BII) 

Phase transition temperature (^C) 



20 

-26 

Cryst. t: ^ Sm*C < — SmA * Ch. ^ ^ Iso. 



-31 63 78 85 



25 Ps (nC/cm2) = 7.0 (at 30 X) 

@ (degrees) = 17.9 (at 30 ^C) 

(Composition 5-BIII) 

30 Phase transition temperature (^C^ 



-23 

35 Cryst. ^ Sm*C SmA v Ch. < Iso. 

-26 61 81 87 

Ps (nC/cm2) = 6-6 (at 30 °C) 
@ (degrees) = 15.6 (at 30 '"C) 

40 Liquid crystal device (Devices 5-BI, 5-BII and 5-BIII) were prepared and evaluated in the same manner as in 

Example 1 described above except that Compositions 5-BI, 5-BII and 5-BIII were used, respectively. The results are 
shown below. 

(Device 5-BI) 

45 

Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 

50 





10% 


20^C 


30°C 


40^C 


50^C 


Drive marain (V) 


1.3 


2.1 


4.4 






Set At fusee) 


121 


80 


54 






Contrast ratio: 


40 (at 30 °C) 









(Device 5-BII) 
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Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 



10 





10°C 


20°C 


30^C 


40°C 


50°C 


Drive margin (V) 


4.8 


6.2 


6.7 


8.0 


3.0 


Set At fusee) 


292 


168 


119 


70 


42 


Contrast ratio; 


31 (at 30 X) 









15 

(Device 5-BIII> 

Uniform aligning characteristic 
20 Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 





10°C 


20°C 


30°C 


40°C 


50^C 


Drive margin (Vi 


4.2 


5.5 


8.0 


8.1 


2.8 


Set At (KS^c) 


260 


145 


100 


67 


42 


Contrast ratio: 


37 (at 30 °C) 









30 

As apparent from Example 5. the liquid crystal composition 5-BI using the mesomorphic compound of the formula 
(3) (but not using the mesomorphic compound of the formula (4)) showed a phase transition temperature Tc (SmA 
Sm*C) of 43 °C lower than those (Tc = 61-66 °C) of the liquid crystal compositions B. 5-BII and 5-BIII. thus failing the 

35 measure drive margins at 40 °C and 50 °C. The liquid crystal composition 5-BI using the mesomorphic compound of 
the formula (3) (but not using the mesomorphic compound of the formula (4)) provided a homogeneously uniform align- 
ment state over the entire liquid crystal device but showed an inferior temperature characteristics (f^^^'^^ (set At at 10 
°C/set At at 40 °C) = 4.17 when compared with the (base) liquid crystal composition B (f^^^'^^ = 3.40). Regarding the 
contrast ratio (at 30 °G). the liquid crystal compositions 5-BI and 5-BII provided improved contrast ratios of 40 and 31. 

40 respectively, when compared with the liquid crystal composition B (contrast ratio of 19). 

On the other hand, the liquid crystal composition 5-BIII according to the present invention containing the mesomor- 
phic compounds of the formulae (3) and (4) in combination provided not only a homogeneous uniform alignment state 
but also an improved contrast ratio of 37 and wider drive margins although the temperature characteristic thereof (f ^ 
= 3.88) was somewhat inferior to that (f''^^'*° = 3.40) of the liquid crystal composition B. 

45 Accordingly, it has been confirmed that the liquid crystal composition (Composition 5-BIII) according to the present 
invention showed a balanced performance in view of improvements in uniform aligning characteristic, temperature char- 
acteristic (f^^^'^^). contrast ratio and drive margin as a whole. 



Example 6 

50 

Liquid crystal compositions 6-BI. 6-BII and 6-BIII (Compositions 6-BI. 6-Bll and 6-BIII) were prepared in the same 
manner as in Example 1 except for using the following example compounds in the indicated proportions, respectively. 
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0 



EPO 711 818 Ai 



Compo- 
sition 



6 - BI 



Ex . Comp . 
No. 



3-30 



Structural formula 




CeHi? 



Composition B 



wt . parts^ 

20 
80 



6 -B n 



4-10 C,oH,-0-^^^-<^;^CH,h<^ 13 
4-85 <g)-(CH.>T<^>-<g)^^ 7 



ConpDsition B 



80 



6 - B n 



3-30 




CsHlT 



4-10 C,oH, - 0^;^>-<g>-^CH.>^ 

4-85 <^yiCH,U^y-^^;^^^^ , 



10 



CoiTposition B 



80 



45 



50 



The liquid crystal compositions 6-BI, 6-BII and 6-BIII showed the following phase transition series, spontaneous 
polarization Ps and cone angle (g), respectively. 

(Composition 6-BI) 

Phase transition temperature (°C) 



-20 . 

Cryst, ^ Sm*C^£ SmA ^ Ch. < ^ Iso 



-24 



54 



55 



55 



68 



Ps (nC/cm2) = 6,7 (at 30 °C) 
@ (degrees) = 6.7 (at 30 °G) 
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(Composition 6-BII) 



Phase transition temperature (°C) 



10 



-20 



Cryst. =^ Sm C * SmA <^ Ch, ^ Iso. 

-36 61 80 88 



15 



20 



Ps (nC/cm2) ^ 6.8 (at 30 °C) 
(g) (degrees) = 16.6 (at 30 °C) 

(Composition 6-BIII) 

Phase transition temperature C^C) 



25 



■22 



Cryst, s ^ Sm C< 

-34 56 



SmA ^ 



78 



Ch. <- 



84 



Iso . 



30 



Ps (nC/cm2) = 6.7 (at 30 °C) 
@ (degrees) = 14.9 (at 30 °C) 

Liquid crystal device (Devices 6-81, 6-BII and 6-BIII) were prepared and evaluated in the same manner as in 
Example 1 described above except that Compositions 6-BI, 6-Bll and 6-BIII were used, respectively. The results are 
shown below. 

(Device 6-BI> 

Uniform aligning characteristic 

The alignment state was considerably inferior, thus being not measurable. 

40 Drive margin (V) : Not measurable. 
Set At (|iisec) : At could not be set. 

Contrast ratio : Not measurable. 



35 



45 



50 
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(Device 6-BII) 

Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 





10°C 


20°C 


30°C 


40°C 


50^C 


Drive margin (V) 


2.9 


6.0 


7.2 


6.1 


2.4 


Set At fusee) 


240 


121 


82 


53 


26 


Contrast ratio: 


32 (at 30 °C) 









56 



BNSDOCID:<EP 071ieiaA1> 



(Device 6-BI!l> 
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Uniform aiigninq characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 





10°C 


20°C 


30*^0 


40°C 


50°C 


Drive marain (V) 


6.0 


6.8 


8.0 


6.2 


2.1 


Set At (usee) 


214 


116 


79 


51 


19 


Contrast ratio: 


35 (at 30 °C} 









As apparent from Example 6, the liquid crystal composition 6-BI using the mesomorphic compound of the formula 
(3) (but not using the mesomorphic compound of the formula (4)) showed a narrow SmA temperature range of 54 - 55 
to provide an inferior alignment state thus failing to measure drive margins at 10 °C to 50 °C and a contrast ratio. 
The liquid crystal composition 6-BI using the mesomorphic compound of the formula (3) (but not using the mesomorphic 
compound of the formula (4)) provided a homogeneously uniform alignment state over the entire liquid crystal device 
but showed an inferior temperature characteristics (f^^MO ^^^^ ^^^^ oq^qq^ oqj ^ 4 53 y^hgn compared with 

the (base) liquid crystal composition B (f ^^^^^o - 3 40). Regarding the contrast ratio (at 30 *^C), the liquid crystal composition 
6-BII provided an improved contrast ratio of 32. when compared with the liquid crystal composition B (contrast ratio of 1 9). 

On the other hand, the liquid crystal composition 6-BI II according to the present invention containing the mesomor- 
phic compounds of the formulae (3) and (4) in combination provided not only a homogeneous uniform alignment state 
but also an improved contrast ratio of 35 and wider drive margins although the temperature characteristic thereof (fio/40 
= 4.20) was inferior to that (f^^^^ := 3.40) of the liquid crystal composition B. 

Accordingly, it has been confirmed that the liquid crystal composition (Composition 6-BI! I) according to the present 
invention showed a balanced performance when improvements in uniform aligning characteristic, temperature charac- 
teristic (f"'°^'^°), contrast ratio and drive margin were taken into account as a whole. 

Example 7 

Liquid crystal compositions 7-BI. 7-BII and 7-BIII (Compositions 7-BI. 7-BII and 7-BIII) were prepared in the same 
manner as in Example 1 except for using the following example compounds in the indicated proportions, respectively. 



EP 07118ieAl> 
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10 



Compo- Ex.Comp. 
si t ion No , 



7 - BI 



Structural formula 



wt , parts 



3-34 




CsHi? 



Composition B 



15 



85 



15 



20 



7 -B n 



4-86 <gHCH.Mg)>^ 



Comoosition B 



15 



85 



25 



30 



35 



7 - B in 




CsHi? 



4-86 <g>-(CH.M^>-<g>-<g)^C.H. 10 



Composition B 



85 



The liquid crystal compositions 7-BI. 7-BII and 7-BIII showed the following phase transition series, spontaneous 
polarization Ps and cone angle @, respectively. 

40 (Composition 7-BI) 

Phase transition temperature (°C) 



45 



50 



-22 

Cryst. ^ Sm*C * SmA ^ Ch. 

-29 53 64 82 



Iso , 



Ps (nC/cm2) = 8.4 (at 30 °C) 
® (degrees) = 12.8 (at 30 °C) 
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(Composition 7-BII) 
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Phase transition temperature (°C) 

5 



-20 

Cryst. ^ Sm*C « SmA ^ Ch . <e I so. 

-30 64 84 95 



Ps (nC/cm2) = 8.0 (at 30 ^C) 
® (degrees) = 18.2 (at 30 °C) 

15 

(Composition 7-BIII) 

Phase transition temperature CC) 

20 



-26 

Cryst.,;; ^ Sm*C <^ SmA ^ Ch. ^ I so 

-35 65 86 94 

Ps (nC/cm2) = 8.1 (at 30 °C) 
@ (degrees) = 16.7 (at 30 °C) 

30 Liquid crystal device (Devices 7-BI, 7-BI! and 7-B(ll) were prepared and evaluated in the same manner as in 

Example 1 described above except that Compositions 7-BI. 7-BII and 7-BIII were used, respectively. The results are 
shown below, 

(Device 7-BI) 

35 

Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 

40 





10°C 


20°C 


30°C 


40°C 


SO^C 


Drive marcin (V) 


2.1 


3.2 


5.1 


4.1 




Set At (^$QC) 


226 


121 


78 


54 




Contrast ratio: 


33 (at 30 °C) 
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(Device 7-BII> 

Uniform aligning characteristic 
5 Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 



10 





10°C 


20°C 


30^C 


40°C 


50°C 


Drive marain (V) 


3,1 


5.2 


7.0 


6.8 


3.1 


Set At fusee) 


321 


168 


104 


75 


51 


Contrast ratio: 


29 (at 30 ''C) 









15 

(Device 7-BIII) 
20 Uniform aligning characteristic 

Homogeneous uniform alignment was observed over the entire area of the liquid crystal device. 



25 



30 





10°C 


20^C 


30°C 


40°C 


SO^'C 


Drive margin (V) 


3.4 


5.1 


7.2 


7.4 


3.4 


Set At (fisec) 


240 


134 


84 


60 


41 


Contrast ratio: 


37 (at 30 °C) 
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As apparent from Example 7, the liquid crystal compositions 7-BI and 7-BII provided an improved uniform aligning 
characteristic but showed inferior temperature characteristic (f ^ ^^"^^ (set At at 1 0 "^C/set At at 40 °C) = 4. 1 9 for Composition 
7-BI and 4.28 for Composition 7-BII) when compared with the (base) liquid crystal composition B (i^^^^^ = 3.40). Regard- 
ing the contrast ratio (at 30 °C), the liquid crystal compositions 7-BI and 7-BI! provided improved contrast ratios of 33 
and 29. respectively, when compared with the liquid crystal composition B (contrast ratio of 19). 

On the other hand, the liquid crystal composition 7-BIII according to the present invention containing the mesomor- 
phic compounds of the formulae (3) and (4) in combination provided not only a homogeneous uniform alignment state 
but also a further improved contrast ratio of 37 and wider drive margins although the temperature characteristic thereof 
(fio/40 ^ 4 was somewhat inferior to that (f^^^'*^ = 3.40) of the liquid crystal composition B. 

Accordingly, it has been confirmed that the liquid crystal composition (Composition 7-Btll) according to the present 
invention showed a balanced performance as to improvements in uniform aligning characteristic, temperature charac- 
teristic, contrast ratio and drive margin as a whole. 

As described hereinabove, according to the present invention, there is provided a chiral smectic liquid crystal com- 
position characterized by a specific combination of a mesomorphic compound having an indan skeleton represented by 
the formula (1) (preferably the formula (3)) and a mesomorphic compound having a terminal cyclic group represented 
by the formula (2) (preferably the formula (4)). 

When a liquid crystal device is prepared by using the above liquid crystal composition and satisfying the following 
alignment conditions (I) and (II): 



@ < a + 6 and 6 < a and 
(H) > ea > ® /2 



(I) . 

(II) . 



the resultant liquid crystal device can provide a balanced performance with respect to a uniform aligning characteristic, 
a temperature-dependence of set At, a contrast ratio, and a drive margin in case where these characteristics are intended 
to be improved as a whole. 
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Further, the liquid crystal device is useful as a display device and also is useful in providing a good liquid crystal 
apparatus (including a liquid crystal display apparatus) in combination with a drive circuit, a light source, etc. 

A liquid crystal composition is composed of at least three types of mesomorphic compounds. The liquid crystal 
composition may preferably contain a mesomorphic compound having an indan skeleton represented by the formula 

5 (1 ) or (3) and a mesomorphic compound having a terminal cyclic group represented by the formula (2) or (4). The liquid 
crystal composition may also preferably further contain an optically active compound to be formulated as a chiral smectic 
(or ferroelectric) liquid crystal composition. When the chiral smectic liquid crystal composition is disposed between a 
pair of electrode substrates provided with uniaxial alignment axes, the liquid crystal composition may preferably be 
placed in an alignment state in C1 uniform alignment, so that a resultant liquid crystal device provides a higher contrast 

10 ratio and a wider drive voltage margin. 

Claims 

1 . A liquid crystal composition, comprising: 
15 a mesomorphic compound represented by the following formula (1): 

RrArXrA2-X2-A3-R2 (1), 



20 



wherein 

Ri and R2 independently denote hydrogen, halogen, -CN. 



25 



30 



o 

or a linear, branched or cyclized alkyi group having 1 - 18 carbon atoms capable of including at least one methylene 
group which can be replaced with -0-; -S-; -CO-; -CHW-. where W is halogen or CF3; -CH=CH- or -C^C- with the 
proviso that heteroatoms are not adjacent to each other; 
Xi and X2 independently denote a single bond, -0-, 



35 



-CO-, -OC-, 

II II 

o o 



40 



-CH2O-, -OCHr. -CH=CH- or -C-C-; 

Ai, A2 and A3 independently denote a single bond, 



45 



50 




<!)-■ ■ ^>-- ip-- 

^. ty -i^>. f-j-, 



55 



mC>- ^3<^ "^■'4. 



wherein R3 and R4 independently denote hydrogen, halogen, -CN. 



61 



BNSDOCID- <EP 071 1 81 8A1 > 



35 



40 



45 



50 



55 



EP 0 711 818 A1 



o 



or a linear or branched alkyi group having 1-18 carbon atoms capable of including at least one methylene group 
JO which can be replaced with -0-; -S-; -CO-; -CHW- where W is halogen or CF3; -CH=CH- or -C^C- with the proviso 
that heteroatoms are not adjacent to each other; Yi and Y2 independently denote, H, F, CI. Br, -CH3, -CF3 or -CN; 
2 denotes O or S; and at least one of Ai, A2 and A3 is 



15 




•'3\_<R>. or 




20 arid 

a mesomorphic compound represented by the following formula (2): 

R5-A4-R6 (2). 

25 wherein R5 and Re independently denote 

Q-x3-ecH2nrX4- 

30 

or R7, at least one of R5 and Re being 



Q-X3-K:H2^X4- 



wherein Q denotes 



^3 74 



Y5 



d-' (D- - C 



where Y3. Y4, Y5. Ye independently denote H, F, CH3 or CF3; X3 denotes a single bond. -OCH2-. -COO- or -OCO- 
; X4 denotes a single bond. -CH2O-. -COO- or -OCO-; L is an integer of 3 - 16; and R7 is 
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-oco 




wherein Y7 and Ys independently denote H, F. CH3 or CF3. or a linear, branched, or cyclized alkyi group having 1 - 
18 carbon atoms capable of including at least one methylene group which can be replaced with -0-, -S-, -CO-, - 
CH=CH-, -C=C-. or -CHW- where W is halogen. CN or CF3. provided that heteroatoms are not adjacent to each 
other; and 

A4 denotes -A5-X5-A6- or -As-Ag-Xs-Ay-wherein A5, Ae. A7 independently denote 



wherein Y9 and Yg. independently denote H. F, CH3 or CF3, at least one of A5, As and A7 being any one of 



and X5 denotes a single bond. -C^C-, -CH=CH-, -COO-, -COS- or -CH2O-. 

2. A composition according to Claim 1, wherein said mesomorphic compound of the formula (1) is a mesomorphic 
compound represented by the following formula (3): 



wherein Rq and Rg independently denote a linear, branched or cyclized alky! group having 1-18 carbon atoms 
capable of including at least one methylene group which can be replaced by -0-. -S-, -CO-. -CH=CH-, -C^C-, or - 
CHW- where W is halogen or CF3 provided that heteroatoms are not adjacent to each other; and 
As. Ag and A10 independently denote a single bond. 





Yg Yg , 




Ra-Aa-Ag-Aio-Rg 



(3). 




or 




and at least one of As, Ag and Aio is 



0711818A1> 



63 



5 




10 3. A composition according to Claim 1 , wherein said mesomorphic compound of the formula (2) is a mesomorphic 
compound represented by the following formula (4): 

(4) , 

20 wherein Rn and R12 independently denote hydrogen, or a linear, branched or cyclized alkyi group having 1-18 
carbon atoms capable of including at least one methylene group which can be replaced by -0-, -S-, -CO-. -CH=CH- 
, -C^C-, or -CHW- where W is halogen, CN or CF3 provided that heteroatoms are not adjacent to each other, with 
the proviso that either one of Rn and R12 is hydrogen; 

A11. A12. Ai3 and A14 independently denote a single bond, 

25 

^ or -<i> 

30 

with the provisos that either one of An and A14 is a single bond, both of An and A14 cannot be a single bond 
simultaneously, and at least one of Ai2 and A13 is a single bond; 

n and m independently denote an integer of 0 or 3 - 16 with the provisos that either one of n and m is 0. and 
both of n and m cannot be 0 at the same time; and 
35 Xe and X7 independently denote a single bond, -0-, -COO- or -0C0-. 

4. A composition according to Claim 1 . which further contains 20 - 75 wt. % of a mesomorphic compound of the formula 
(5), 5 - 25 wt. % of a mesomorphic compound of the formula (6), 5 - 30 wt. % of a mesomorphic compound of the 
formula (7), and 0. 1 - 30 wt. % of a mesomorphic compound of the formula (8), respectively shown betow: 

40 

Formula (5) 



45 




50 

wherein p and q independently denote 0, 1 or 2 satisfying p+q = 1 or 2 ; Y10 is hydrogen or fluorine; and R21 and 
R22 independently denote a linear or branched alkyI group having 1 - 18 carbon atoms capable of including at least 
one methylene group which can be replaced by -0-. -S-, -CO-, -CH=CH-, -C-C-. or -CHW- where W is halogen, 
55 CN or CF3 provided that heteroatoms are not adjacent to each other; 
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Formula (6) 



Yn O 



wherein Bi is 



where Yi^ is hydrogen or fluorine; Yq is hydrogen or fluorine; R23 is a linear or branched alkyi group having 1-18 
carbon atoms; R24 is hydrogen, halogen, CN, or a linear or branched alkyI group having 1-18 carbon atoms; and 
at least one methylene group in the alkyI group of R23 or R24 can be replaced by -0-. -S-, -CO-, -CH=CH-. -C^C-, 
or -CHW- where W is halogen, CN or CF3 provided that heteroatoms are not adjacent to each other; 



Formula (7) 

^25 -<S>-^2 -<^-R26 



wherein B2 is 



/T^ N-TN N-N 

^y, ^ y or -<( >-.. 



and and R25 and R26 independently denote a linear or branched alky! group having 1 - 18 carbon atoms capable of 
including at least one methylene group which can be replaced by -0-. -S-, -CO-, -CH=CH-, -C=C-. or -CHW- where 
W is halogen, CN or CF3 provided that heteroatoms are not adjacent to each other; and 



Formula (8) 



wherein B3 is 



BNSOOC1D-<EP 07118ieA1> 
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and R27 and R28 independently denote a linear or branched alkyi group having 1-18 carbon atoms capable of 
including at least one methylene group which can be replaced by -0-, -S-. -CO-, -CH=CH-. -C^C-. or -CHW- where 
fo W is halogen. CN or CF3 provided that heteroatoms are not adjacent to each other. 

5. A composition according to Claim 4, wherein: said mesomorphic compound of the formula (5) is any one of a mes- 
omorphic compound of the formula (5-1) to (5-7); said mesomorphic compound of the formula (6) is any one of a 
mesomorphic compound of the formula (6-1) to (6-5); said mesomorphic compound of the formula (7) is any one 
15 of a mesomorphic compound of the formula (7-1) to (7-9); and said mesomorphic compound of the formula (8) is 
any one of a mesomorphic compound of the formula (8-1) to (8-6), respectively shown below: 
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_/ 0^2 2 



Formula (5-3) 





Formula (5-7) 




Formula (6-1) 




O 
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Formula (6-2) 

F 



II S 
O 

Formula (6-3) 



Formula (6-4) 

^ |VJ II ^ ' 

o 



Formula (6-5) 



O Y 



Formula (7-1) 



Formula (7-2) 



Formula (7-3) 

N-N 
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10 



15 



Formula (7-4) 



Formula (7-5) 



20 



Formula ( 7-6 ) 




25 



30 



Formula (7-7) 




35 



Formula (7-8) 




40 



45 



Formula (7-9) 



o 



Formula (8-1) 

50 



R 



27 
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Formula (8-2) 




10 

Formula (8-3) 



15 




Formula (8-4) 




25 

Formula (8-5) 



30 




'28 



35 

Formula (8-6) 



40 




wherein R21 to R28 and have the same meanings as defined above, respectively. 

45 

6. A composition according to Claim 1 , which further contains at least one species of an optically active compound. 

7. A composition according to Claim 1 , which assumes at least a chiral smectic phase. 

50 8. A composition according to Claim 7, which shows ferroelectricity 

9. A composition according to Claim 7. which has a phase transition series on temperature decrease including an 
isotropic phase, a cholesteric phase, a smectic phase and a chiral smectic phase. 

55 10. A composition according to Claim 7. wherein said chiral smectic phase is a chiral smectic C phase. 

11. A composition according to any one of Claims 1 - 6, which contains 1 - 40 wt. % of said mesomorphic compound 
of the formula (1) and 1 - 40 wt. % of said mesomorphic compound of the formula (2). 
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12. A composition according to any one of Claims 1 - 6, which contains 1 - 30 wt. % of said mesomorphic compound 
of the formula (1) and 1 - 30 wt. % of said mesomorphic compound of the formula (2). 

13. A composition according to any one of Claims 1 • 6, which contains 1 - 20 wt. % of said mesomorphic compound 
of the formula (1) and 1 - 20 wt. % of said mesomorphic compound of the formula (2). 

14. A composition according to Claim 10, which shows a layer inclination angle 6 in chiral smectic C phase of 3 - 15 
degrees in a temperature range of 0 - 60 °C. 

15. A liquid crystal device, comprising: a pair of oppositely disposed substrate and a liquid crystal disposed therebe- 
tween, each of opposite surfaces of the substrates being provided with an electrode for applying a voltage to said 
liquid crystal; wherein at least one of said opposite surfaces of the substrates is further provided with an alignment 
control layer for controlling an alignment state of said liquid crystal, and said liquid crystal is a liquid crystal compo- 
sition according to any one of Claim 1-10 and 14. 

16. A device according to Claim 15. wherein said device provides a pretilt angle a and said liquid crystal composition 
is a chiral smectic liquid crystal composition placed in such an alignment state that the chiral smectic liquid crystal 
shows a cone angle (g), a layer inclination angle 6 in chiral smectic C phase, and an apparent tilt angle ea satisfying 
the following relationships (I), (II) and (III) in combination with the pretilt angle a: 



17. A device according to Claim 15, wherein said alignment control layer is provided to both of the substrates and the 
alignment control layers are provided with respective uniaxial alignment axes extending in directions which are 
parallel to each other. 

18. A device according to Claim 15, wherein said alignment control layer is provided to both of the substrates and the 
alignment control layers are provided with respective uniaxial alignment axes extending in directions which intersect 
with each other at a prescribed crossing angle. 

19. A device according to Claim 18, wherein said crossing angle is at most 25 degrees. 

20. A device according to Claim 16, wherein said pretilt angle is at least 5 degrees. 

21. A device according to Claim 16. wherein said chiral smectic liquid crystal composition is disposed in a thickness 
suppressing formation of a helical structure of liquid crystal molecules between the substrates. 

22. A liquid crystal apparatus, including: a liquid crystal device according to Claim 15 and drive means for driving the 
liquid crystal device. 
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